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POLYCARBONATE RESIN COMPOSITION
AND FORMED PRODUCT THEREOF

FIELD OF INVENTION

The present invention relates to a thermoplastic resin com-
position such as a polycarbonate resin composition, and the
formed product thereof.

BACKGROUND ART 10

Polycarbonate resins are resins having excellent heat resis-
tance, mechanical properties, optical properties, and electri-
cal characteristics and are widely utilized, for example, 1n
automotive materials, electrical and electronic device mate-
rials, housing materials, and materials for use in the manu-
facture of components in other industrial fields. In particular,
flame-resistant polycarbonate resin compositions are suitably
used as members for OA and information appliances, such as 5,
computers, notebook computers, cellular phones, printers,
and copying machines, and sheet and film members.

In these various applications, 1t 1s known to blend organosi-
loxane (silicone) compounds having low surface energy with
resins to modily surface properties, such as water repellency, 25
o1l repellency, anti-fogging properties, anti-fouling proper-
ties, stain removability, moisture resistance, lubricity, abra-
s10n resistance, mold releasability, chemical resistance, and
scratch resistance, for the purpose of improving product
value. Among others, dimethyl silicone oils can effectively 30
impart water repellency, oil repellency, and other character-
1stics.

Furthermore, resin lubricants containing polysilane com-
pounds have been proposed (Patent Document 19).

As means for imparting flame resistance to polycarbonate 35
resins, methods for blending a halogen flame retardant or a
phosphorus flame retardant with polycarbonate resins have
been employed. However, polycarbonate resin compositions
containing a halogen flame retardant containing chlorine or
bromine sometimes result in low thermal stability or deterio- 40
rated hue or cause the corrosion of screws or forming dies of
forming machines in shape processing. Polycarbonate resin
compositions containing a phosphorus tlame retardant some-
times cause degradation of high transparency that 1s charac-
teristic of polycarbonate resins or result in low 1mpact resis- 45
tance or low heat resistance, thus having limited applications.

In addition, such a halogen flame retardant and phosphorus
flame retardant may cause environmental pollution during the
disposal and collection of products. Thus, 1n recent years, 1t
has been strongly desired to impart flame resistance to poly- 50
carbonate resins without using such a flame retardant.

Under such circumstances, many metal salt compounds,
typically organic alkali metal salt compounds and organic
alkaline-earth metal salt compounds, have been recently stud-
1ied as usetul flame retardants (e.g., refer to Patent Documents 55
1 to 4). Examples of methods for imparting flame resistance
to aromatic polycarbonate resin compositions by using an
aromatic sulfonic acid alkali metal salt compound 1nclude a
method that uses a perfluoroalkylsulfonic acid alkali metal
salt having 4 to 8 carbon atoms (refer to Patent Document 1) 60
and a method for blending a non-halogen aromatic sulfonic
acid sodium salt (refer to Patent Document 2). Such metal salt
compounds can be used as flame retardants to impart flame
resistance to polycarbonate resins to some extent without
adversely affecting their intrinsic characteristics such as 65
mechanical properties, imncluding impact resistance, heat
resistance, optical properties, and electrical characteristics.
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However, the flame resistance levels achieved by the
above-described methods for blending such a metal salt com-
pound with a polycarbonate resin are by no means satisfac-
tory. This 1s probably because the flame-retardant etfect
achieved by blending the metal salt compound with a poly-
carbonate resin results from a catalytic action. Even if the
amount of metal salt compound blended 1s increased to fur-
ther improve the tlame resistance, the flame resistance 1s not
improved and, on the contrary, tends to be lowered. Further-
more, such an increase 1n the amount of metal salt compound
causes a significant deterioration in mechanical properties,
such as 1mpact resistance, optical properties, such as trans-
parency, and other physical properties, such as heat resistance
and wet heat stability.

An attempt has been made to improve flame resistance by
blending an organosiloxane (silicone) compound with a poly-
carbonate resin (e.g., refer to Patent Document 5).

In particular, methods for blending an organosiloxane
compound having a branched structure in the main chain and
having an aromatic group have been actively studied (e.g.,
refer to Patent Documents 6 to 8).

Furthermore, methods for simultaneously blending an
organic sulfonic acid metal salt and the above-described orga-
nosiloxane compound having a branched structure in the
main chain and having an aromatic group have been proposed
(e.g., refer to Patent Documents 9 and 10).

However, the methods for blending only an organosiloxane
compound according to Patent Documents 5 to 8 practically
have very small effects of improving flame resistance and
cannot achieve practical levels of flame resistance.

Furthermore, organosiloxane compounds have poor com-
patibility with and dispersibility in polycarbonate resins,
resulting 1n poor mechanical properties, such as impact resis-
tance, and thermophysical properties. In addition, even the
addition of a small amount of organosiloxane compound
markedly lowers the transparency ol polycarbonate resins,
which presents a critical drawback. Moreover, there are other
problems such as the generation of a large amount of gas
during kneading and shaping of resin compositions, a ten-
dency to cause mold fouling, poor appearances of resin
formed products, and sticky surfaces.

In accordance with the methods for simultaneously blend-
ing an organic sulfonic acid metal salt and the organosiloxane
compound, the methods being proposed in Patent Documents
9 and 10, the amount of organosiloxane compound to be
blended can be relatively reduced to improve flame resistance
and thus the generation of gas, mold fouling, and poor appear-
ances and stickiness of resin formed products can be sup-
pressed to some extent. However, this cannot prevent dete-
rioration 1n mechanical properties or thermophysical
properties, particularly transparency.

Examples of methods for improving transparency that have
been proposed include a method 1n which an organosiloxane
compound having a particular functional group 1s used to
improve compatibility with polycarbonate resins (e.g., refer
to Patent Documents 11 to 13), a method using an organosi-
loxane compound having a phenyl group and a low degree of
polymerization (e.g., refer to Patent Document 14), and a
method using a low-molecular-weight organosiloxane com-
pound (e.g., refer to Patent Documents 15 and 16).

In accordance with recent studies, polysilanes having the
main chain composed of silicon atoms are blended with resins
to improve mechanical properties, lubricity, and flame resis-
tance. (e.g., refer to Patent Documents 17 to 19)

Hitherto, fluoropolymers have been blended with thermo-
plastic resins to improve the melt properties and surface prop-
erties, such as sliding characteristics, scratch resistance,
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water repellency, o1l repellency, stain resistance, and finger-
print resistance, of the thermoplastic resins.

Among others, fluoroolefin polymers capable of forming
fibrils can effectively modity the melt properties of thermo-
plastic resins. In particular, the blend of fluoroolefin polymers
with flame-retarded thermoplastic resin compositions can
improve anti-dripping properties during combustion and
thereby can prevent the spread of fire when a thermoplastic
resin formed product burns, thus showing excellent blending,
elfects.

In the case where flame resistance 1s imparted to thermo-
plastic resins, fluoropolymers generally need to be used in
combination with flame retardants because, normally, the
addition of a fluoropolymer alone improves anti-dripping
properties, but does not improve extinction properties (e.g.,
refer to Patent Documents 20 and 21).

In recent years, attempts have been actively made to weld
thermoplastic resin formed products using a near-infrared
laser (so-called laser welding) 1n automobile, electrical and
clectronics, and precision apparatus fields. Laser welding
methods are noncontact methods, produce no abrasion pow-
der or burrs, and cause minimal damage to products. Thus,
laser welding methods have considerable industrial advan-
tages.

Near-infrared light having a wavelength of 800 to 1200 nm
1s generally suitably used as a laser for use 1n laser welding for
safety and cost reasons. Thus, thermoplastic resin composi-
tions that are highly transparent to light in the near-infrared
region are used 1n a laser welding field (e.g., refer to Patent
Documents 22 and 23).

Many thermoplastic resin compositions are used 1n mem-
bers for sensing devices, exemplified by various automobile
sensing devices, such as face direction detection systems and
rain sensors, various security systems, such as face recogni-
tion systems, fingerprint recognition systems, and vein rec-
ognition systems, and various information/communication
devices, such as remote controllers and infrared communica-
tion devices. The wavelength of infrared light used in such
fields depends on the devices and systems. In general, near-
inirared light 1n the range of 800 to 1500 nm 1s used. Thus,
also 1n such fields, there 1s a demand for thermoplastic resin
compositions that are highly transparent to light 1n a near-
inirared region.
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OBJECT AND SUMMARY OF INVENTION
Objects to be Achieved by Invention

[Object 1]

Hitherto, organosiloxane (silicone) compounds used to
improve surface properties, particularly dimethylsiloxane,
are effective 1n improving water repellency or the like but tend
to have poor compatibility with resins and markedly poor
dispersibility in resins. Thus, the blend of organosiloxane
(si1licone) compounds with resins causes a significant dete-
rioration 1n mechanical properties.

Furthermore, because of poor compatibility with resins,
organosiloxane (silicone) compounds bleed during forming
or from a formed product over time, resulting in mold fouling,
poor surface appearances, stickiness, or unsustainable water-
repellent effects.

Polysilane compounds also 1nevitably cause a deteriora-
tion 1n mechanical properties, and resin compositions con-
taining such polysilane compounds are unsatistactory.

In particular, the blend of these compounds having poor
dispersibility in and compatibility with resins with polycar-
bonate resins results 1n degradation of the intrinsic transpar-
ency of the polycarbonate resins and also causes a significant
deterioration 1n heat resistance and mechanical properties,
such as impact resistance.

In accordance with a first aspect, the present mvention
provides a polycarbonate resin composition having surface
properties, such as water repellency, o1l repellency, anti-fog-
ging properties, anti-fouling properties, stain removability,
moisture resistance, lubricity, abrasion resistance, mold
releasability, chemical resistance, and scratch resistance,
modified with a modifier having excellent dispersibility in
and compatibility with a polycarbonate resin without
adversely affecting the intrinsic characteristics of the poly-
carbonate resin, such as transparency, heat resistance, and
impact resistance, and a polycarbonate resin formed product
manufactured by shaping the polycarbonate resin composi-
tion (Object I).

[Object 1I]

Although the methods according to Patent Documents 11
to 16 can provide relatively high transparency, the organosi-
loxane compounds have still insuificient dispersibility 1n
polycarbonate resins, often resulting 1n unstable flame resis-
tance. Furthermore, since the organosiloxane compounds
having a low degree of polymerization or a low molecular
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weilght are used to improve dispersibility, even the addition of
a small amount of organosiloxane compound tends to gener-
ate a large amount of gas while kneading and shaping resin
compositions and foul a metal mold. An increase in the
amount of organosiloxane compound so as to achieve stable
flame resistance causes serious gas evolution and mold foul-
ing problems. Thus, the methods are unsatisfactory for prac-
tical use.

Such an organosiloxane compound deposited on a surface
of a formed product or bleeding from a formed product can be
responsible for electrical troubles, such as contact failure, in
clectrical and electronic applications. Thus, such an organosi-
loxane compound cannot be used.

Thus, 1t 15 significantly difficult to impart flame resistance
to polycarbonate resins and suppress outgassing and mold
fouling by blending organosiloxane compounds with the
polycarbonate resins without adversely affecting the
mechanical properties, thermophysical properties, and trans-
parency of the polycarbonate resins.

Patent Document 17 proposes a resin composition blended
with a polysilane compound, which 1s a silicon compound
different from organosiloxane compounds. The polysilane
compound also has poor compatibility with and dispersibility
in polycarbonate resins and cannot suppress deterioration 1n
mechanical properties, such as impact resistance, or transpar-
ency of the polycarbonate resins.

Thus, polycarbonate resin compositions having excellent
flame resistance, shaping processability, mechanical proper-
ties, heat resistance, and transparency have not been manu-
factured.

In accordance with a second aspect, the present invention
provides a polycarbonate resin composition that has excellent
flame resistance and mechanical properties, such as impact
resistance, causes very little outgassing and mold fouling, and
has high transparency, and a polycarbonate resin formed
product manufactured by shaping the polycarbonate resin
composition (Object 11I).

[Object III]

Fluoropolymers used to improve the melt properties or
surface properties of thermoplastic resins have considerably
poor compatibility with and dispersibility 1in the thermoplas-
tic resins. The blend of even a small amount of fluoropolymer
therefore results 1n significantly lowered light transmittance
Or POOr appearance.

In particular, with the recent demand for stricter fire pre-
vention, there 1s a growing tendency to use flame-retarded
thermoplastic resin compositions in electrical and electronic
device components and members for sensing devices manu-
factured by laser welding described above. Use of thermo-
plastic resin compositions blended with fluoropolymers in
such fields significantly lowers light transmittance, particu-
larly 1n a near-infrared region. This limits the application of
the thermoplastic resin compositions, thus presenting a criti-
cal drawback.

For example, a decrease in the light transmittance in a
near-infrared region through a thermoplastic resin composi-
tion for laser welding results 1n a low transmittance of a laser
beam and must be compensated by a reduction in thickness.
This narrows the degree of freedom of product thickness
design and tends to lower the product strength. An increase 1n
laser output can cause problems. For example, defects, such
as Tusion and fuming on a laser incident surface and bubbles
caused by abnormal heat generation at a bonding interface,
can make welding impossible. An increase 1n laser output can
also result 1n poor appearance and strength reduction.

Likewise, 1n various sensing devices, a decrease in the light
transmittance in a near-inirared region through a thermoplas-
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tic resin composition constituting the sensing devices results
in a significant reduction in the sensitivity of the sensing
devices. A thickness reduction to increase the transmittance
of infrared light results 1n lower product strength and an
increase 1n the transmittance at wavelengths other than the
wavelength used, which also results 1n a reduction 1n the
sensitivity of the sensing devices and possibly causes mal-
functions.

Thus, there 1s a strong demand for a techmique for improv-
ing the compatibility and dispersibility of a fluoropolymer 1n
a thermoplastic resin and thus increasing light transmittance
in a near-inirared region.

In accordance with a third aspect, for the purpose of modi-
tying the melt properties and surface properties of thermo-
plastic resins, such as sliding characteristics, abrasion resis-
tance, water repellency, oil repellency, stain resistance, and
fingerprint resistance, the present mvention provides a ther-
moplastic resin composition blended with a fluoropolymer in
which improvements have been made 1n the dispersibility of
the fluoropolymer 1n the thermoplastic resin and light trans-
mittance, particularly light transmittance in a near-infrared
region, as well as tlame resistance, appearance, and strength,
and also provides a thermoplastic resin formed product
manufactured by shaping the thermoplastic resin composi-
tion (Object 11I).

[Object IV]

The flame resistance of polycarbonate resins imparted by
metal salt compounds is catalytic. An increase 1n the amount
of metal salt compound to 1improve flame resistance 1s there-
fore not effective or even lowers flame resistance. Since the
blend of polysilanes has a very small flame-retardant effect,
polycarbonate resin compositions blended with polysilanes
are unsatisfactory for practical use.

In accordance with a fourth aspect, the present invention
provides a polycarbonate resin composition whose flame
resistance and flowability can be improved and a polycarbon-
ate resin formed product manufactured by shaping the poly-
carbonate resin composition (Object IV).

[Objects V and VI]

The flame resistance of polycarbonate resins imparted by
metal salt compounds is catalytic. An increase 1n the amount
of metal salt compound to 1improve flame resistance 1s there-
fore not effective or even lowers flame resistance.

It 1s presumed that a flame retardation technique using
metal salt compounds 1s achieved by a carbonization promot-
ing effect during combustion. In the case of thin-walled
formed products, however, metal salt compounds also have a
decomposition promoting effect during combustion, as well
as the carbonization promoting eifect, thereby increasing
dripping.

In general, an electrical and electronic device field requires
V-1 or higher flame resistance 1n the UL 94 Test specified by
the U.S.A. Underwriters Laboratories (UL). This require-
ment mvolves the suppression of dripping during combus-
tion.

Thus, fluoropolymers are generally blended to enhance
anti-dripping properties during combustion. However, even
with the combination of a metal salt compound and a fluo-
ropolymer, the thin-walled formed products described above
cannot have sufficient flame resistance.

Since the blend of such polysilanes has a very small flame-
retardant effect, polycarbonate resin compositions blended
with the polysilanes are unsatisfactory for practical use.

In accordance with a fifth aspect, the present mvention
provides a polycarbonate resin composition that can exhibit
reduced dripping during combustion and has high flame resis-
tance even in the case of thin-walled formed products, and a
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polycarbonate resin formed product manufactured by shap-
ing the polycarbonate resin composition (Object V).

In accordance with a sixth aspect, the present mnvention
provides a polycarbonate resin composition having high
flame resistance, as well as high transparency, excellent hue,
and high impact resistance, and a polycarbonate resin formed
product manufactured by shaping the polycarbonate resin
composition (Object VI).

SUMMARY OF INVENTION

In order to achieve Object I, the present inventor has
focused on the molecular structure, particularly the structure
of the main chain, of a modifier to be blended with polycar-
bonate resins and has conducted extensive studies thereon.

As a result, the present inventor has completed the first
aspect of the present mnvention by finding that a polycarbosi-
lane compound can be blended as a modifier for a polycar-
bonate resin to modily surface properties, such as water repel-
lency, o1l repellency, anti-fogging properties, anti-fouling
properties, stain removability, moisture resistance, lubricity,
abrasion resistance, mold releasability, chemical resistance,
and scratch resistance, without adversely affecting the mtrin-
s1c characteristics of the polycarbonate resin, such as trans-
parency and impact resistance.

The first aspect of the present invention includes a poly-
carbonate resin composition containing a polycarbonate resin
and a polycarbosilane compound, a polycarbonate resin
formed product manufactured by shaping the polycarbonate
resin composition, and a modifier for polycarbonate resins,
the modifier contaiming a polycarbosilane compound.

In order to achieve Object II, the present mventor has
focused on the molecular structure, particularly the structure
of the main chain, of a silicon compound to be blended with
polycarbonate resins and has conducted extensive studies
thereon.

As a result, the present inventor has completed the second
aspect of the present invention by finding that predetermined
amounts of a metal salt compound and an organosilicon com-
pound having a predetermined structure can be blended with
a polycarbonate resin to achieve markedly improved flame
resistance, very little outgassing and mold fouling, and high
transparency, without losing impact resistance and heat resis-
tance.

The second aspect of the present invention includes a poly-
carbonate resin composition containing 100 parts by mass of
a polycarbonate resin, 0.001 to 1 part by mass of a metal salt
compound, and 0.005 to 5 parts by mass of a polycarbosilane
compound, and a polycarbonate resin formed product manu-
factured by shaping the polycarbonate resin composition.

As a result of extensive studies 1 view of Object 111, the
present inventor has completed the third aspect of the present
invention by finding that, in a thermoplastic resin composi-
tion contaiming a fluoropolymer and blended with a polycar-
bosilane compound, the polycarbosilane compound can
elfectively function as a fluoropolymer dispersant, improve
the compatibility and dispersibility of the fluoropolymer in
the thermoplastic resin, increase the light transmittance of a
thermoplastic resin composition 1 a near-infrared region,
improve flame resistance, and solve poor appearance and
strength reduction.

The third aspect of the present invention 1ncludes a ther-
moplastic resin composition containing a thermoplastic resin,
a fluoropolymer, and a fluoropolymer dispersant, wherein the
fluoropolymer dispersant contains a polycarbosilane com-
pound, and a thermoplastic resin formed product manufac-
tured by shaping the thermoplastic resin composition.
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As a result of extensive studies to achieve Object 1V, the
present 1mventor has completed the fourth aspect of the

present imvention by finding that the addition of predeter-
mined amounts of a metal salt compound and a polysilane
compound to a polycarbonate resin can markedly improve
flame resistance and also improve flowability.

The fourth aspect of the present invention includes a poly-
carbonate resin composition containing 100 parts by mass of
a polycarbonate resin, 0.01 to 1 part by mass of a metal salt
compound, and 0.01 to 5 parts by mass of a polysilane, and a
polycarbonate resin formed product manufactured by shap-
ing the polycarbonate resin composition.

As a result of extensive studies to achieve Object V, the
present inventor has completed the fifth aspect of the present
invention by finding that the addition of predetermined
amounts ol a metal salt compound, a fluoropolymer, and a
polysilane compound to a polycarbonate resin can improve
anti-dripping properties during combustion and markedly
improve tlame resistance.

The fifth aspect of the present invention includes a poly-
carbonate resin composition containing 100 parts by mass of
a polycarbonate resin, 0.001 to 1 part by mass of a metal salt
compound, 0.001 to 1 part by mass of a fluoropolymer, and
0.01 to 2 parts by mass of a polysilane, and a polycarbonate
resin formed product manufactured by shaping the polycar-
bonate resin composition.

As a result of extensive studies to achieve Object VI, the
present inventor has completed the sixth aspect of the present
invention by finding that the addition of predetermined
amounts of a metal salt compound and a polysilane com-
pound to a polycarbonate resin can markedly improve flame
resistance, and use of a particular polysilane, more specifi-
cally a polysilane having an aryl group, can provide a poly-
carbonate resin composition having excellent transparency,
hue, and 1impact resistance.

The sixth aspect of the present invention includes a poly-
carbonate resin composition containing 100 parts by mass of
a polycarbonate resin, 0.01 to 1 part by mass of a metal salt
compound, and 0.3 to 5 parts by mass of a polysilane having
an aryl group, and a polycarbonate resin formed product
manufactured by shaping the polycarbonate resin composi-
tion.

Advantageous Effects of Invention

| Advantageous Eilect I]

The polycarbonate resin composition containing a polycar-
bosilane compound as a modifier according to the first aspect
of the present invention has excellent surface properties, such
as water repellency, o1l repellency, anti-fogging properties,
anti-fouling properties, stain removability, moisture resis-
tance, lubricity, abrasion resistance, mold releasability,
chemical resistance, and scratch resistance while retaining
the intrinsic characteristics of polycarbonate resins, such as
transparency, heat resistance, and impact resistance.

Unlike organosiloxane (silicone) compounds or polysilane
compounds that have been conventionally used as surface
modifiers, polycarbosilane compounds have high dispersibil-
ity 1n and compatibility with polycarbonate resins, cause no
bleedout problem, and do not adversely affect the 1ntrinsic
characteristics of polycarbonate resins.

The polycarbonate resin formed product according to the
first aspect of the present mnvention has excellent transpar-
ency, mechanical properties, such as impact resistance, and
heat resistance, modified surface properties, such as water
repellency, o1l repellency, anti-fogging properties, anti-foul-
ing properties, stain removability, moisture resistance, lubric-
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ity, abrasion resistance, mold releasability, chemical resis-
tance, and scratch resistance, causes no outgassing or mold
fouling problem, can be manufactured with high productivity
and high vield, and 1s industrially very useful as an automo-
tive material, an electrical and electronic device material, a
housing material, or a material for use in the manufacture of
components 1n other industrial fields, particularly as a mem-
ber for OA and information appliances, such as computers,
notebook computers, cellular phones, printers, and copying,
machines, or a sheet or film member.

| Advantageous Effect II]

The polycarbonate resin composition according to the sec-
ond aspect of the present invention contains a metal salt
compound effective in improving flame resistance and,
together with this metal salt compound, a polycarbosilane
compound, and thereby can further improve flame resistance
without adversely affecting mechanical properties, such as
impact resistance, transparency, and other physical properties
and without causing outgassing and mold fouling problems.

Unlike organosiloxane (silicone) compounds or polysilane
compounds that have been conventionally used 1n combina-
tion with metal salt compounds, even the addition of a rela-
tively large amount of polycarbosilane compound to a poly-
carbonate resin does not adversely aflfect impact resistance,
heat resistance, or transparency and causes little outgassing or
mold fouling. Thus, use of a polycarbosilane compound in
combination with a metal salt compound can provide a poly-
carbonate resin composition that has high flame resistance
and 1impact resistance, causes very little outgassing and mold
fouling, and has high transparency.

The polycarbonate resin formed product according to the
second aspect of the present invention has excellent flame
resistance, mechanical properties, such as impact resistance,
and heat resistance, as well as high transparency, causes no
outgassing or mold fouling problem, can be manufactured
with high productivity and high yield, and 1s industrially very
useful as an automotive material, an electrical and electronic
device material, a housing material, or amaterial for use 1n the
manufacture of components 1n other industrial fields, particu-
larly as amember for OA and information appliances, such as
computers, notebook computers, cellular phones, printers,
and copying machines, or a sheet or film member.
| Advantageous Eftect I1I]

A polycarbosilane compound can effectively function as a
dispersant for a fluoropolymer blended with a thermoplastic
resin, improve the compatibility and dispersibility of the fluo-
ropolymer in the thermoplastic resin composition, and
thereby prevent poor appearance and strength reduction, and
can also improve light transmittance, particularly near-infra-
red light transmittance, and even flame resistance.

The thermoplastic resin formed product manufactured by
shaping the thermoplastic resin composition according to the
third aspect of the present invention has melt properties and
surface properties, such as sliding characteristics, abrasion
resistance, water repellency, o1l repellency, stain resistance,
and fingerprint resistance, improved by the blend of the fluo-
ropolymer, has high light transmittance, particularly near-
infrared light transmittance, and high flame resistance, and 1s
industrially very useful as a member for near-infrared laser
welding or a member for sensing devices, exemplified by
various automobile sensing devices, such as face direction
detection systems and rain sensors, various security systems,
such as face recognition systems, fingerprint recognition sys-
tems, and vein recognition systems, and various information
communication devices, such as remote controllers and infra-
red communication devices 1n automobile, electrical and
clectronic, and other precision apparatus fields.
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| Advantageous Effect IV]
The polycarbonate resin composition according to the

fourth aspect of the present invention can achieve higher
flame resistance and flowability than before.
| Advantageous Eifect V]

The polycarbonate resin composition according to the fifth
aspect of the present invention can achieve higher flame resis-
tance than before.
| Advantageous Eflect VI]

The polycarbonate resin composition according to the
s1xth aspect of the present invention can achieve higher flame
resistance, transparency, and impact resistance than before.

DESCRIPTION OF EMBODIMENTS

The present mvention will be described 1n detail in the
following embodiments and examples. However, the present
invention 1s not limited to these embodiments and examples,
and any modification can be made without departing from the
g1st of the present invention.

I. First Aspect of the Present Invention
[1. Overview]

A polycarbonate resin composition according to the first
aspect of the present invention contains at least a polycarbon-
ate resin and a polycarbosilane compound. The polycarbon-
ate resin composition according to the first aspect of the
present invention may optionally contain other components.

Polycarbosilane compounds are compounds having two or
more repeating units each having a silicon-carbon bond
(S1—C bond) 1n their main chains. The polycarbosilane com-
pound used 1n the first aspect of the present invention has the
S1—C bond 1n 1ts main chain and thus has excellent dispers-
ibility 1n and compatibility with polycarbonate resins. Con-
sequently, there can be solved the problems of existing poly-
carbonate resin compositions containing an organosiloxane
(s1licone) compound or a polysilane compound, such as deg-
radations of transparency, impact resistance, and heat resis-
tance, and outgassing and mold fouling.

[2. Polycarbonate Resin]

There 1s no limitation on the type of polycarbonate resin
used 1n the polycarbonate resin composition according to the
first aspect o the present invention. Polycarbonate resins may
be used alone, or two or more polycarbonate resins may be
combined with each other at any ratio.

The polycarbonate resin 1n the first aspect of the present
invention 1s a polymer having a basic structure with a carbon-
ate bond represented by the following formula (7).

(oo l)

In the formula (7), X' generally represents a hydrocarbon
group, and X' containing a heteroatom or a hetero bond for
imparting various characteristics may be used.

Polycarbonate resins can be classified into aromatic poly-
carbonate resins in which each carbon directly bonded to the
carbonate bond 1s aromatic carbon and aliphatic polycarbon-
ate resins 1 which each carbon directly bonded to the car-
bonate bond 1s aliphatic carbon. Both aromatic polycarbonate
resins and aliphatic polycarbonate resins can be used. Aro-
matic polycarbonate resins are preferred in terms of heat
resistance, mechanical properties, and electrical characteris-
tics.

(7)
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The type of polycarbonate resin 1s not particularly limated.
One example 1s a polycarbonate polymer produced through
the reaction between a dihydroxy compound and a carbonate

precursor. In addition to the dihydroxy compound and t
carbonate precursor, a polyhydroxy compound may
involved in the reaction. Alternatively, carbon dioxide may

ne
be
be

used as the carbonate precursor to react with a cyclic ether.
The polycarbonate polymer may have a straight chain or a
branched chain. The polycarbonate polymer may be a
homopolymer composed of one repeating unit or a copolymer
composed ol two or more repeating units. The copolymer
may be selected from various copolymerization forms, such
as a random copolymer and a block copolymer. In general,
such polycarbonate polymers are thermoplastic resins.

[2-1. Dihydroxy Compound]

Among dihydroxy compounds serving as a raw material of

the polycarbonate resin, examples of aromatic dihydroxy
compounds serving as a raw material of the aromatic poly-
carbonate resin include:

dlhydroxybenzenes such as

1,2-d1
1,3-d1
1,4-d1

hyc
1Y C

henzene,
venzene (or resorcinol), and

roxy
roxy

Y C

I OXY DCNZCINC,

dlhydroxyblphenyls such as
2,5-dihydroxybiphenyl,

2,2'-C

dihyc

1,3-d1.
2,3-d1.

2,6-d1.
1,7-d1

2,7-d1.

dihyc
2,2'-d1

1

4.4'-di

1
1
1
1,6-d1
1
1
1

1

3.3'-d1

4.4'-di

4.4'-di

thydroxybip.
nydroxybip.
roxynaphthalenes, such as
2,2'-dihydroxy-1,1"-binaphthyl,

1,2-d1.

hyc
hyc
hyc
1Y C
hyc
hyc

nenyl, and
henyl,

hthalene,
hthalene,
hthalene,
hthalene,
hthalene,
hthalene, and

roxynap.
roxynap.
roxynap.
roxynap.
roxynap.
roxynap.

1Y C

roxynaphthalene,

roxydiaryl ethers, such as
hyc
Ny
Ny d
Ny
1,4-bis(3-
1,3-bis(4-

lroxydip. cther,
lroxydiphenyl ether,
roxydiphenyl ether,
roxy-3,3'-dimethyldiphenyl ether,
nydroxyphenoxy )benzene, and

nydroxyphenoxy )benzene,

nenyl

bis(hydroxyaryl)alkanes, such as

2,2-
1,1-
2,2-b1

2,2-b1

n15(4-.
n15(4-.
v1s(3-met
v1s(3-met

nydroxyphenyl)propane (or bisphenol A),
hydroxyphenyl)propane,
yl-4-hydroxyphenyl)propane,
hoxy-4-hydroxyphenyl)propane,

2-(4-hydroxyphenyl)-2-(3-methoxy-4-hydroxyphenyl )pro-
pane,

1,1-
2,2-b1

2,2-b1

n1s(3-tert-butyl-4-hydroxyphenyl)propane,
n1s(4-hydroxy-3,5-dimethylphenyl)propane,
n1s(3-cyclohexyl-4-hydroxyphenyl)propane,

2-(4-hydroxyphenyl)-2-(3-cyclohexyl-4-hydroxy-phenyl)
propane,

a.,c'-b1s(4-hydroxyphenyl)-1.4-diisopropylbenzene,

1,3-bis[2-(4-hydroxyphenyl)-2-propyl]|benzene,

bis(4-
bis(4-
bis(4-
bis(4-
bis(4-

b15(4-

1Y C
1Y C
1Y C
1Y C
1Y C

)methane,
)cyclohexylmethane,
)phenylmethane,
)(4-propenylphenyl)methane,
)diphenylmethane,

roxypheny.
roxypheny.
roxypheny.
roxypheny.
roxypheny.

1Y C

roxyphenyl)naphthylmethane,

bi1s(4-.
bi1s(4-.
bi1s(4-.
bi1s(4-.

nydroxyphenyl)ethane,
nydroxyphenyl)ethane,
wydroxyphenyl)-1-phenylethane,
nydroxyphenyl)-1-naphthylethane,
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1,1-bis(4-hydroxypheny.

2,2-bis(4-hydroxypheny.
2,2-bis(4-hydroxypheny.
1,1-bis(4-hydroxypheny.
2,2-bis(4-hydroxypheny.
1,1-bis(4-hydroxypheny.
2,2-bis(4-hydroxypheny.
1-bis(4-.

2-bis(4-

12

)butane,
)butane,
)ypentane,
)hexane,
)hexane,
)octane,
)octane,
nexane,
exane,

ienyl).
nenyl).

Ny droxyp.
Ny droxyp.

4.4-bis(4-hydroxyphenyl)heptane,
2,2-bis(4-hydroxyphenyl)nonane,
1,10-b1s(4-hydroxyphenyl)decane, and
1,1-bis(4-hydroxyphenyl)dodecane,
bls(hydroxyaryl)cycloalkanes such as

bis(4-hydroxypheny.
bis(4-hydroxypheny.
bis(4-hydroxypheny.
1,1-bis(4-hydroxypheny.
1,1-bis(4-hydroxypheny.
1,1-bis(4-hydroxypheny.
1,1-bis(4-hydroxypheny.
1,1-bis(4-hydroxy-3,5-dimethylphenyl)-3,3,5-trimethylcy-

opentane,
)cyclohexane,
)cyclohexane,
)-3,3-dimethy.
)-3,4-dimethylcyclohexane,
1)-3,5-dimethylcyclohexane,
)-3,3,5-tnmethylcyclohexane,

Jeye

cyclohexane,

clohexane,

1,1-bis(4-hydroxypheny.
1,1-bis(4-hydroxyphenyl
1,1-bis(4-hydroxypheny.
1,1-bis(4-hydroxypheny.
1,1-bis(4-hydroxypheny.

)-3-propyl-5-methylcyclohexane,
)-3-tert-butyl-cyclohexane,
)-4-tert-butyl-cyclohexane,
1)-3-phenylcyclohexane, and
)-4-phenylcyclohexane,

bisphenols having a cardo structure, such as
9,9-b1s(4-hydroxyphenyl)fluorene, and
9,9-b1s(4-hydroxy-3-methylphenyl )fluorene,
roxydiaryl sulfides, such as

dihyc
4.4'-d;

dihyc
4.4'-d;

dihyc

4.4'-d1

4.4'-d1

1.

4.4'-d1.

hydroxydiphenyl sulﬁde and

1ydroxy-3,3'-dimethyldiphenyl sulfide,

roxydiaryl sulfoxides, such as

1.

4.4'-d1

hydroxydiphenyl sulfoxide, and

hydroxy-3,3'-dimethyldiphenyl sulfoxide, and

roxydiarylsuliones, such as

hydroxydiphenylsulione, and

hydroxy-3,3'-dimethyldiphenylsulione.

Among these, bis(hydroxyaryl)alkanes are preferred, and
bis(4-hydroxyphenyl)alkanes are more preferred. In particu-
lar, 2,2-bis(4-hydroxyphenyl)propane (or bisphenol A) 1s pre-
ferred 1n terms of 1mpact resistance and heat resistance.

These aromatic dihydroxy compounds may be used alone,
or two or more of the aromatic dihydroxy compounds may be
combined with each other at any ratio.

Examples of aliphatic dihydroxy compounds serving as a
raw material of the aliphatic polycarbonate resin include:
alkanediols, such as
ethane-1,2-d10ol,
propane-1,2-diol,
propane-1,3-diol,
2,2-dimethylpropane-1,3-diol,
2-methyl-2-propylpropane-1,3-diol,
butane-1,4-d1ol,
pentane-1,5-diol,
hexane-1,6-diol, and
decane-1,10-diol,

cycl
cycl
cycl
cycl

oalkanediols, such as
opentane-1,2-diol,
ohexane-1,2-d1ol,
ohexane-1.4-diol,

1,4-cyclohexanedimethanol,
4-(2-hydroxyethyl)cyclohexanol, and
2.2.,4.4-tetramethyl-cyclobutane-1,3-diol,
glycols, such as
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2,2'-oxydiethanol (or ethylene glycol),
diethylene glycol,
triethylene glycol,
propylene glycol, and
spiroglycol,

aralkyl diols, such as
1,2-benzenedimethanol,
1,3-benzenedimethanol,
1.4-benzenedimethanol,
1.,4-benzenediethanol,
1,3-bis(2-hydroxyethoxy)benzene,
1,4-bis(2-hydroxyethoxy)benzene,

2.,3-bis(thydroxymethyl )naphthalene,
1,6-bis(hydroxyethoxy)naphthalene,
4.4'-biphenyldimethanol,

4.4'-biphenyldiethanol,

1,4-bis(2-hydroxyethoxy )biphenyl,

bisphenol A bis(2-hydroxyethyl)ether, and

bisphenol S bis(2-hydroxyethyl)ether, and

cyclic ethers, such as
1,2-epoxyethane (or ethylene oxide),
1,2-epoxypropane (or propylene oxide),
1,2-epoxycyclopentane,
1,2-epoxycyclohexane,
1.,4-epoxycyclohexane,

1 -methyl-1,2-epoxycyclohexane,
2.,3-epoxynorbornane, and
1,3-epoxypropane.

These aliphatic dihydroxy compounds may be used alone,
or two or more of the aliphatic dihydroxy compounds may be
combined with each other at any ratio.

[2-2. Carbonate Precursor]

Among monomers serving as a raw material of the poly-
carbonate resin, examples of the carbonate precursor include
carbonyl halides and carbonate esters.

These carbonate precursors may be used alone, or two or
more of the carbonate precursors may be combined with each
other at any ratio.

Specific examples of carbonyl halides include phosgene
and haloformates, such as bischloroformates of dihydroxy
compounds and monochloroformates of dihydroxy com-
pounds.

Specific examples of carbonate esters include diaryl car-
bonates, such as diphenyl carbonate and ditolyl carbonate;
dialkyl carbonates, such as dimethyl carbonate and diethyl
carbonate; and carbonates of dihydroxy compounds, such as
biscarbonates of dihydroxy compounds, monocarbonates of
dihydroxy compounds, and cyclic carbonates.

[2-3. Method for Producing Polycarbonate Resin]

A method for producing a polycarbonate resin 1s not par-
ticularly limited and may be any method. Examples of the
method 1include an interfacial polymerization method, a melt
transesterification method, a pyridine method, a ring-opening,
polymerization method of cyclic carbonate compounds, and a
solid phase transesterification method of prepolymers.
Among these, particularly suitable methods are more specifi-
cally described below.
<Intertacial Polymerization Method>

An mterfacial polymerization method for producing poly-
carbonate resins 1s described below. In accordance with the
interfacial polymerization method, a dihydroxy compound
and a carbonate precursor (preferably phosgene) are allowed
to react with each other in the presence of an organic solvent
inert to the reaction and an aqueous alkaline solution nor-
mally at a pH o 9 or more, and subsequent 1nterfacial poly-
merization in the presence of a polymerization catalyst yields
a polycarbonate resin. If necessary, the reaction system may
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include a molecular weight modifier (terminating agent) and
an antioxidant for preventing the oxidation of the dihydroxy
compound.

Dihydroxy compounds and carbonate precursors to be
used are described above. Among the carbonate precursors,
phosgene 1s preferably used. A method using phosgene 1s
particularly referred to as a phosgene method.

Examples of the organic solvent inert to the reaction
include chlorinated hydrocarbons, such as dichloromethane,
1,2-dichloroethane, chloroform, monochlorobenzene, and
dichlorobenzene; and aromatic hydrocarbons, such as ben-
zene, toluene, and xylene. These organic solvents may be
used alone, or two or more of the organic solvents may be
combined with each other at any ratio.

Examples of an alkaline compound contained 1n the aque-
ous alkaline solution include alkali metal compounds and
alkaline-earth metal compounds, such as sodium hydroxide,
potassium hydroxide, lithium hydroxide, and sodium hydro-
gen carbonate. Among these, sodium hydroxide and potas-
stum hydroxide are preferred. These alkaline compounds
may be used alone, or two or more of the alkaline compounds
may be combined with each other at any ratio.

The concentration of the alkaline compound 1n the aqueous
alkaline solution 1s not particularly limited and generally
ranges from 5% to 10% by mass to control the pH of the
reaction system within the range of 10 to 12. For example, in
the case of blowing with phosgene, 1n order to control the pH
of an aqueous phase within the range of 10 to 12, preferably
10 to 11, 1t 1s preferable that the molar ratio of the dihydroxy
compound to the alkaline compound 1s generally 1:1.9 or
more, particularly 1:2.0 or more, and generally 1:3.2 or less,
particularly 1:2.5 or less.

Examples of the polymerization catalyst include aliphatic
tertiary amines, such as trimethylamine, triethylamine, tribu-
tylamine, tripropylamine, and trihexylamine; alicyclic ter-
tiary amines, such as N,N'-dimethylcyclohexylamine and
N,N'-diethylcyclohexylamine; aromatic tertiary amines, such
as N,N'-dimethylaniline and N,N'-diethylaniline; quaternary
ammonium salts, such as trimethylbenzylammonium chlo-
ride, tetramethylammonium chloride, and triethylbenzylam-
monium chloride; pyridine; guanine; and salts of guanidine.
These polymerization catalysts may be used alone, or two or
more of the polymerization catalysts may be combined with
cach other at any ratio.

Examples of the molecular weight modifier include aro-
matic phenols having a monovalent phenolic hydroxy group;
aliphatic alcohols, such as methanol and butanol; mercaptans;
and phthalimide. Among these, aromatic phenols are pre-
terred. Specific examples of the aromatic phenols 1nclude
alkyl-substituted phenols, such as m-methylphenol, p-meth-
ylphenol, m-propylphenol, p-propylphenol, p-tert-butylphe-
nol, and p-long-chain-alkyl-substituted phenols; phenols
having a vinyl group, such as isopropanylphenol; phenols
having an epoxy group; and phenols having a carboxyl group,
such as 0-oxybenzoic acid and 2-methyl-6-hydroxypheny-
lacetic acid. These molecular weight modifiers may be used
alone, or two or more of the molecular weight modifiers may
be combined with each other at any ratio.

The amount of molecular weight modifier to be used 1s
generally 0.5 mol or more and preferably 1 mol or more and
generally S0 mol or less and preferably 30 mol or less relative
to 100 mol of the dihydroxy compound. By setting the
amount of molecular weight modifier to be used within the
range, the thermal stability and hydrolysis resistance of the
polycarbonate resin composition can be improved.

In the reaction, a reaction substrate, a reaction medium, a
catalyst, and an additive agent are mixed 1n any order pro-
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vided that a desired polycarbonate resin can be produced.
Thus, the order may be appropriately determined. For
example, when phosgene 1s used as the carbonate precursor,
the molecular weight modifier may be added at any point
between the reaction (phosgenation) of the dihydroxy com-
pound with phosgene and the beginning of the polymeriza-
tion reaction.

The reaction temperature generally ranges from 0° C. to
40° C., and the reaction time generally ranges from several
minutes (for example, 10 minutes) to several hours (for
example, 6 hours).
<Melt Transesterification Method>

A melt transesterification method for producing polycar-
bonate resins 1s described below. The melt transesterification
method 1nvolves, for example, transesterification between a
carbonic acid diester and a dihydroxy compound.

Dihydroxy compounds to be used are described above.

Examples of the carbonic acid diester include dialkyl car-
bonate compounds, such as dimethyl carbonate, diethyl car-
bonate, and di-tert-butyl carbonate; diphenyl carbonate; and
substituted diphenyl carbonates, such as ditolyl carbonate.
Among these, diphenyl carbonate and substituted diphenyl
carbonates are pretferred, and particularly diphenyl carbonate
1s more preferred. These carbonic acid diesters may be used
alone, or two or more of the carbonic acid diesters may be
combined with each other at any ratio.

The ratio of the dihydroxy compound to the carbonic acid
diester 1s not particularly limited provided that a desired
polycarbonate resin can be produced. Preferably 1 or more,
more preferably 1.01 or more, mol of the carbonic acid diester
1s used relative to 1 mol of the dihydroxy compound. The
upper limit 1s generally 1.30 mol or less. Within the range, the
number of terminal hydroxy groups can be controlled within
a suitable range.

In polycarbonate resins, the number of terminal hydroxy
groups tends to significantly atlect their thermal stability,
hydrolytic stability, and color tone. Therefore, the number of
terminal hydroxy groups may be optionally controlled by a
known method. In transesterification, the mixing ratio of the
carbonic acid diester to the dihydroxy compound and the
degree of vacuum in transesterification are generally con-
trolled to produce a polycarbonate resin having a controlled
number of terminal hydroxy groups. In general, this proce-
dure also allows the control of the molecular weights of
polycarbonate resins produced.

When the number of terminal hydroxy groups 1s controlled
using the mixing ratio of the carbonic acid diester to the
dihydroxy compound, the mixing ratio 1s as described above.

A more active control method 1s a method 1n which a
terminating agent 1s separately mixed during the reaction.
Examples of the terminating agent include monovalent phe-
nols, monovalent carboxylic acids, and carbonic acid
diesters. These terminating agents may be used alone, or two
or more of the terminating agents may be combined with each
other at any ratio.

The production of polycarbonate resins by the melt trans-
esterification method generally employs a transesterification
catalyst. Any transesterification catalyst may be used. Among
others, for example, an alkali metal compound and/or an
alkaline-earth metal compound 1s preferably used. In an aux-

iliary manner, for example, a basic compound, such as a basic
boron compound, a basic phosphorus compound, a basic
ammonium compound, or an amine compound, may be used
together. These transesterification catalysts may be used

10

15

20

25

30

35

40

45

50

55

60

65

16

alone, or two or more of the transesterification catalysts may
be combined with each other at any ratio.

In the melt transesterification method, the reaction tem-
perature generally ranges from 100° C. to 320° C. The reac-
tion pressure 1s generally a reduced pressure of 2 mmHg or
less. Specifically, a melt polycondensation reaction may be
performed under the conditions described above while
removing by-products, such as an aromatic hydroxy com-
pound.

The melt polycondensation reaction may be performed
batchwise or continuously. In a batchwise reaction, a reaction
substrate, a reaction medium, a catalyst, and an additive agent
are mixed 1n any order provided that a desired aromatic poly-
carbonate resin can be produced. Thus, the order may be
appropriately determined. In consideration of the stability or
the like of polycarbonate resins and polycarbonate resin com-
positions produced, the melt polycondensation reaction 1s
preferably performed continuously.

The melt transesterification method may optionally
employ a catalyst deactivator. The catalyst deactivator may be
any compound that can neutralize the transesterification cata-
lyst. Examples of the catalyst deactivator include sulfur-con-
taining acidic compounds and the derivatives thereof. These
catalyst deactivators may be used alone, or two or more of the
catalyst deactivators may be combined with each other at any
ratio.

The amount of catalyst deactivator to be used 1s generally
0.5 equivalents or more and preferably 1 equivalent or more
and generally 10 equivalents or less and preferably 5 equiva-
lents or less with respect to an alkali metal or alkaline-earth
metal contained in the transesterification catalyst. The
amount of catalyst deactivator to be used 1s generally 1 ppm or
more and generally 100 ppm or less and preferably 20 ppm or
less with respect to the polycarbonate resin.

[2-4. Other Matters Regarding Polycarbonate Resin]

The molecular weight of the polycarbonate resin used 1n
the first aspect of the present invention 1s not particularly
limited and may be appropriately determined. The viscosity-
average molecular weight [Mv] converted from the solution
viscosity 1s generally 10000 or more, preferably 16000 or
more, and more preferably 18000 or more and generally
40000 or less and preferably 30000 or less. The viscosity-
average molecular weight not less than the above-described
lower limit results 1n improved mechanical strength of the
polycarbonate resin composition according to the first aspect
of the present invention. This 1s therefore more preferred 1n
applications that require high mechanical strength. The vis-
cosity-average molecular weight not more than the above-
described upper limit results 1n the suppression of reduction
in the tlowability of the polycarbonate resin composition
according to the first aspect of the present invention, improv-
ing shaping processability and facilitating shape processing.
Two or more polycarbonate resins having different viscosity-
average molecular weights may be used in combination. In
this case, polycarbonate resins having viscosity-average
molecular weights outside the suitable range described above
may be mixed.

The viscosity-average molecular weight [Mv] 1s a value
determined by measuring the intrinsic viscosity [n](dl/g)
with an Ubbelohde viscometer at a temperature of 20° C.

using methylene chloride as a solvent and calculating Mv
from the Schnell’s viscosity equation n=1.23x107*Mv"-*>.
The mntrinsic viscosity [1] 1s a value determined by measuring
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the specific viscosities [1,,] at ditferent solution concentra-
tions [0] (g/dl) and calculating 1y from the following formula.

n=lmng,/c

c—0

The terminal hydroxyl group concentration of the polycar-
bonate resin 1s not particularly limited and may be appropri-
ately determined. The terminal hydroxyl group concentration
of the polycarbonate resin 1s generally 1000 ppm or less,
preferably 800 ppm or less, and more preferably 600 ppm or
less. The terminal hydroxyl group concentration not more
than the upper limit results 1n further improved thermal sta-
bility 1n residence and color tone of the polycarbonate resin
composition according to the first aspect of the present inven-
tion. The lower limit, particularly for polycarbonate resins
produced by the melt transesterification method, 1s generally
10 ppm or more, preferably 30 ppm or more, and more pret-
erably 40 ppm or more. The terminal hydroxyl group concen-
tration not less than the lower limit results 1n the suppression
of reduction 1n the molecular weight and further improved
mechanical properties of the polycarbonate resin composi-
tion according to the first aspect of the present mvention.

The terminal hydroxyl group concentration 1s the weight
ratio of the terminal hydroxyl group to the polycarbonate
resin expressed i ppm. The measurement method of the
terminal hydroxyl group concentration 1s colorimetry that
uses a titamum tetrachloride/acetic acid method (a method
described in Macromol. Chem. 88 215 (1965)).

The polycarbonate resin may be a polycarbonate resin
alone (the term “a polycarbonate resin alone™ includes not
only an aspect involving only one type of polycarbonate resin,
but also an aspect involving multiple types of polycarbonate
resins, for example, having different monomer compositions,
molecular weights, or physical properties) or may be an alloy
(mixture) of a polycarbonate resin and another thermoplastic
resin. For example, the polycarbonate resin may be a copoly-
mer mainly composed of a polycarbonate resin: for example,
for the purpose of further improving flame resistance and
impact resistance, a copolymer with an oligomer or polymer
having a siloxane structure; for the purpose of further improv-
ing thermo-oxidative stability and flame resistance, a copoly-
mer with a monomer, oligomer, or polymer having a phos-
phorus atom; for the purpose of improving thermo-oxidative
stability, a copolymer with a monomer, oligomer, or polymer
having a dihydroxy anthraquinone structure; for the purpose
ol improving optical properties, a copolymer with an oligo-
mer or polymer having an olefin structure, such as polysty-
rene; or for the purpose of improving chemical resistance, a
copolymer with a polyester resin oligomer or polymer.

Furthermore, 1 order to improve the appearance and
flowability of formed products, the polycarbonate resin may
contain a polycarbonate oligomer. The polycarbonate oligo-
mer generally has a viscosity-average molecular weight [Mv]
of 1500 or more and preferably 2000 or more and generally
9500 or less and preferably 9000 or less. In this case, the
content of the polycarbonate oligomer 1n the polycarbonate
resin composition according to the first aspect of the present
invention 1s preferably 30% by mass or less of the polycar-
bonate resin (including the polycarbonate oligomer).

The polycarbonate resin may be not only made of virgin
raw materials but also a polycarbonate resin regenerated from
used products (so-called matenal-recycled polycarbonate
resin). Examples of the used products include optical record-
ing media, such as optical disks; light guide plates; vehicle
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transparent members, such as automobile window glass,
automobile headlight lenses, and windshields; containers,
such as water bottles; eyeglass lenses; and architectural mem-
bers, such as sound barriers, glass windows, and corrugated
sheets. Moreover, for example, nonconforming products,
ground products obtained from a sprue, a runner, and the like,
and pellets manufactured by melting such products may also
be used.

The amount of regenerated polycarbonate resin 1s prefer-
ably 80% by mass or less and more preferably 50% by mass
or less of the polycarbonate resin contained 1n the polycar-
bonate resin composition according to the first aspect of the
present invention. This 1s because regenerated polycarbonate
resins are likely to have undergone degradation, such as ther-
mal degradation or aging degradation, and use of such a
polycarbonate resin more than the upper limit can cause a
deterioration in hue and mechanical properties.

[3. Polycarbosilane Compound]

The polycarbonate resin composition according to the first
aspect of the present mvention contains a polycarbosilane
compound, that is, a silicon compound having a silicon-car-
bon bond 1n the main chain. In the first aspect of the present
invention, the polycarbosilane compound can improve sur-
face properties, such as water repellency, o1l repellency, anti-
fogging properties, anti-fouling properties, stain removabil-
ity, moisture resistance, lubricity, abrasion resistance, mold
releasability, chemical resistance, and scratch resistance,
without adversely atlecting the characteristics of the polycar-
bonate resin composition according to the first aspect of the
present invention. A polycarbonate resin composition having
higher transparency, impact resistance, and heat resistance
and causing less outgassing and mold fouling can be pro-
duced using a polycarbosilane compound according to the
first aspect of the present mnvention compared with the case
where a conventional organosiloxane (silicone) compound or
polysilane compound is used. The reason for this 1s described
below.

Conventional organosiloxanes (silicones) are silicon com-
pounds having a silicon-oxygen bond as the main chain.
Polysilane compounds are silicon compounds having a sili-
con-silicon bond as the main chain. These si1licon compounds
therefore have highly inorganic characteristics and conse-
quently poor compatibility with and dispersibility 1n polycar-
bonate resins, which are organic resins. Thus, these silicon
compounds tend to cause poor mechanical properties, such as
impact resistance, and poor transparency.

In particular, since organosiloxanes generally have low
melting points, the blend of the organosiloxanes with poly-
carbonate resins tends to cause low heat resistance of their
resin compositions and increased outgassing, which easily
causes mold fouling. Use of organosiloxanes having lower
molecular weights so as to achieve higher transparency
increases outgassing and mold fouling. Although polysilane
compounds tend to be better 1n terms of heat resistance than
organosiloxane compounds, because of the same reasons as
described above, use of the polysilane compounds results 1n
markedly poor mechanical properties, possibly low transpar-
ency, and increased outgassing and mold fouling.

In contrast, polycarbosilane compounds having a silicon-
carbon bond in the main chain contain an organic moiety
(organic residue) i the main chain and have more organic
characteristics. Polycarbosilane compounds therefore have
much higher dispersibility in polycarbonate resins than orga-
nosiloxanes or polysilane compounds and have excellent sur-
face modilying eflects without causing deterioration 1n
mechanical properties, such as impact resistance, and trans-
parency. Furthermore, a polycarbosilane compound accord-
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ing to the first aspect of the present invention has high heat
resistance, resulting 1n reduced deterioration 1n the heat resis-

tance of a polycarbonate resin composition and markedly
reduced outgassing and mold fouling.

A polycarbosilane compound according to the first aspect
of the present invention may contain a bond between a silicon
atom and an atom other than carbon 1n the main chain without
departing from the object of the first aspect of the present
invention. Examples of such a bond include a silicon-silicon
(S1—S1) bond, a silicon-oxygen (S1—QO) bond, a silicon-
nitrogen (S1—N) bond, a silicon-boron (S1—B) bond, a sili-
con-phosphorus (S1—P) bond, and a silicon-titanium (S1—
T1) bond. Such a bond may be introduced from components,
such as raw materials and catalysts, or may be unintentionally
introduced by oxidation or other actions during the produc-
tion ol silicon compounds substantially having a silicon-
carbon bond alone.

A polycarbosilane compound used 1n the first aspect of the
present mnvention may have any chemical structure and mor-
phology provided that the polycarbosilane compound has two
or more repeating units having a silicon-carbon bond (S1—C
bond) 1n the main chain. The polycarbosilane compound 1s
preferably a silicon compound having a main chain structure
in which silicon or a silicon-silicon bond unit and a hydro-
carbon residue are alternately linked to each other, particu-
larly a silicon compound having a main chain structure con-
taining at least one of structural umts represented by the
tollowing formulae (1) to (3) and a hydrocarbon residue.

(1)

.

m:ko—)—e}v:@o—)—

(2)

—-0-%

— A
[

(3)

In the formulae (1) to (3), R', R*, and R> each indepen-
dently represent a monovalent hydrocarbon group, a hydro-
gen atom, or a silyl group; a, b, and ¢ each independently
represent O or 1; and a plurality of R's, R*s and R”s in the
main chain structure may each be the same or different.

Examples of such a polycarbosilane compound include
linear or cyclic polycarbosilane compounds having a struc-
tural unit represented by the formula (1) and a hydrocarbon
residue, branched or network polycarbosilane compounds
having a structural unit represented by the formula (2) or (3)
and a hydrocarbon residue, and polycarbosilane compounds
having a combination of structural units represented by the
tformulae (1) to (3), for example, a combination of the formula
(1) and the formula (2), the formula (1) and the formula (3),
the formula (2) and the formula (3), or the formulae (1) to (3),
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and a hydrocarbon residue. In particular, linear polycarbosi-
lane compounds having a main chain structure containing the
structural unit represented by the formula (1) and a divalent
hydrocarbon residue are preferred because they tend to have
high dispersibility 1n polycarbonate resins. The linear poly-
carbosilane compounds may have a branched or network
structure.

The linear polycarbosilane compounds having a main
chain structure containing a structural unit represented by the
formula (1) and a divalent hydrocarbon residue are preferably
those having a repeating unit represented by the following

formula (4):

In the formula (4), R", R?, a, and b are as defined in the
formula (1); A" represents a divalent hydrocarbon group hav-
ing 1 to 12 carbon atoms; p and q each independently repre-
sent an integer of 1 to 8; and R's, R”s, and A's in all the
repeating units may each be the same or different.

In the formula (4), p and g each independently represent an
integer of 1 to 8, preferably 1 to 4, more preferably 1 or 2, and
still more preferably 1.

Such linear polycarbosilane compounds are preferably
those having a repeating unit represented by the following
formula (5). Such a linear structure tends to improve the
dispersibility 1n polycarbonate resins and the transparency

and mechanical properties of the polycarbonate resin compo-
sition according to the first aspect of the present invention.

(4)

= —oFu—fo-=

()

In the formula (5), R' and R* are as defined in the formula
(4), A” represents an alkylene group having 1 to 12 carbon
atoms, and R's, R”s, and A”s in all the repeating units may
cach be the same or different.

In the formulae (1) to (5), the groups represented by R*, R”,
and R represent at least one selected from a monovalent
hydrocarbon group, a hydrogen atom, and a silyl group.
Examples of the monovalent hydrocarbon group include
alkyl groups, cycloalkyl groups, alkenyl groups, cycloalkenyl
groups, alkynyl groups, aryl groups, and aralkyl groups.
Among these, alkyl groups and aryl groups are preferred,
alkyl groups are more preferred, and a methyl group 1s par-
ticularly preferred. The substituents represented by R', R?,
and R> in all the repeating units may each be the same or
different.

Examples of the alkyl groups include a methyl group, an
cthyl group, a propyl group, an 1sopropyl group, a butyl
group, a t-butyl group, a pentyl group, a hexyl group, an octyl
group, a decyl group, and a dodecyl group. In general, alkyl
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groups having 1 to 12 carbon atoms are preferred. Among
these, alkyl groups having 1 to 6 carbon atoms, such as a
methyl group, an ethyl group, a propyl group, an 1sopropyl
group, a butyl group, a t-butyl group, a pentyl group, and a
hexyl group, are preferred. A methyl group 1s particularly
preferred.

Examples of the cycloalkyl groups include cycloalkyl
groups having 5 to 14 carbon atoms, such as a cyclopentyl
group and a cyclohexyl group. Among these, cycloalkyl
groups having 5 to 8 carbon atoms are preferred.

Examples of the alkenyl groups include alkenyl groups
having 2 to 8 carbon atoms, such as a vinyl group and an allyl
group. Examples of the cycloalkenyl groups include
cycloalkenyl groups having 5 to 12 carbon atoms, such as a
cyclopentyl group and a cyclohexyl group.

Examples of the alkynyl groups include alkynyl groups
having 2 to 8 carbon atoms, such as an ethynyl group and a

propynyl group, and arylalkynyls, such as an ethynylbenzene

group.

Examples of the aryl groups include aryl groups having 6 to
20 carbon atoms, such as a phenyl group, a methylphenyl (or
tolyl) group, a dimethylphenyl (or xylyl) group, and a naph-
thyl group. Among these, aryl groups having 6 to 10 carbon
atoms are preferred, and a phenyl group 1s particularly pre-
terred.

Examples of the aralkyl groups include aralkyl groups
having 6 to 20 carbon atoms, such as a benzyl group, a
phenethyl group, and a phenylpropyl group. Among these,
aralkyl groups having 6 to 10 carbon atoms are preferred, and
a benzyl group 1s particularly preferred.

Examples of the silyl groups 1nclude silyl groups having 1
to 10 silicon atoms, such as a silyl group, a disilanyl group,
and a trisilanyl group. Among these, silyl groups having 1 to
6 silicon atoms are preferred. In the case of the silyl group, at
least one of the hydrogen atoms may be substituted with a
functional group, such as an alkyl group, an aryl group, or an
alkoxy group.

In the formulae (1) to (35), the substituents represented by
R*', R? and R° each independently represent more preferably
a monovalent hydrocarbon group or a hydrogen atom, still
more preferably an alkyl group or a hydrogen atom, and
particularly preferably a methyl group or a hydrogen atom.

In the formulae (1) to (4), a, b, and ¢ represent O or 1. The
case where each of a, b, and ¢ 1s 0 means that the silicon atoms
of the polycarbosilane compound have an alkyl group, a
cycloalkyl group, an alkenyl group, a cycloalkenyl group, an
alkynyl group, an aryl group, an aralkyl group, or a silyl group
as a substituent or are unsubstituted (have hydrogen atoms).
The case where each of a, b, and ¢ 1s 1 means that the silicon
atoms of the polycarbosilane compound have an alkoxy
group, a cycloalkyloxy group, an alkenyloxy group, a
cycloalkenyloxy group, an alkynyloxy group, an aryloxy
group, an aralkyloxy group, or a hydroxyl group as a substitu-
ent. Although each of a, b, and c 1s preterably 0 in terms of the
heat resistance of the polycarbosilane compound, each of a, b,
and ¢ may intentionally be 1 to improve an affinity for resins
or unintentionally be 1 by oxidation or other actions.

The hydrocarbon residue to be bonded to the structural
units represented by the formulae (1) to (3) to form a main
chain structure of the polycarbosilane compound 1s not par-
ticularly limited, may have a straight chain, a branched chain,
or a cyclic structure, and may include not only a saturated
bond but also an unsaturated bond. In addition to a carbon
atom and a hydrogen atom, the hydrocarbon residue may
contain a heteroatom, such as an oxygen atom, a nitrogen
atom, a sultfur atom, a phosphorus atom, or a fluorine atom.
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Among these, divalent to tetravalent hydrocarbon groups are
preferred, and divalent hydrocarbon groups are particularly
preferred.

Specific examples of the divalent hydrocarbon residue to
be bonded to the structural units represented by the formulae
(1) to (3) to form the main chain structure of the polycarbosi-
lane compound include the following linear or branched diva-
lent hydrocarbon residues:
alkylene groups having 1 to 12 carbon atoms, such as a
methylene group, an ethylene group, a trimethylene group, a
propylene group, an 1sopropylidene group, a tetramethylene
group, an 1sobutylene group, a tert-butylene group, an 1sobu-
tylene group, a pentamethylene group, a hexamethylene
group, and an octamethylene group;

alkylidene groups having 2 to 12 carbon atoms, such as an
cthylidene group, a propylidene group, a butylidene group, a
sec-butylidene group, and an 1sohexylidene group;

cycloalkylene groups having 3 to 12 carbon atoms, such as
a cyclopentylene group, a cyclohexylene group, a methylcy-
clohexylene group, a trimethylcyclohexylene group, a cyclo-
heptylene group, a cyclooctylene group, a cyclononylene
group, and a cyclodecylene group;

alkenylene groups having 2 to 12 carbon atoms, such as a
vinylene group, a propenylene group, a 1-butenylene group, a
2-butenylene group, a 1,3-butadienylene group, a 1-methyl-
propenylene group, a 1-methyl-2-propenylene group, a
1 -pentenylene group, a 2-pentenylene group, a 1,3-pentadi-
enylene group, a 1,4-pentadienylene group, a 1-methylbute-
nylene group, a 1-methyl-1,2-butadienylene group, a 1-hex-
enylene group, a 2-hexenylene group, a 3-hexenylene group,
a 1-methylpentenylene group, a 2-methyl-2-pentenylene
group, a 1,1-dimethyl-2-propenylene group, a 1-ethyl-2-pro-
penylene group, a 1,2-dimethylpropenylene group, a 1-me-
thyl-1-butenylene group, a 1-heptenylene group, a 1-methyl-
hexenylene group, a 2-methyl-2-hexenylene group, a 1,2-
dimethylpentenylene group, a 1-octenylene group, a
2-octenylene group, a 3-nonenylene group, and a 4-dece-
nylene group;

alkenylidene groups having 2 to 12 carbon atoms, such as
a vinylidene group, a propynylidene group, and an allylidene
group;,

cycloalkenylene groups having 3 to 12 carbon atoms, such
as a 1-cyclopropenylene group, a 2-cyclopentenylene group,
a 2.,4-cyclopentadienylene group, a 1-cyclohexenylene
group, a 2-cyclohexenylene group, a 1-cycloheptenylene
group, a 2-cyclononenylene group, a 3-cyclodecenylene
group, and a 2-cyclododecenylene group:;

alkynylene groups having 2 to 12 carbon atoms, such as an
cthynylen group, a 1,3-(1-propynylene) group, a 3,3-(1-pro-
pynylene) group, a 1,4-(1-butynylene) group, a 1,5-(1-penty-
nylene) group, a 1,6-(1-hexynylene) group, and a 1,12-(1-
dodecynylene) group;

arylene groups having 6 to 12 carbon atoms, such as an
o-phenylene group, a m-phenylene group, a p-phenylene
group, a methylphenylene group, a dimethylphenylene
group, a p-xylene-a.,a'-diyl group, a biphenylene group, and
a naphthylene group; and

aralkylene groups having 6 to 12 carbon atoms, such as
—CH,—(CH,—, —CH,—CH,CH,— —CH,CH,—
cH,— —CH,CH,—CH,—CH,—, —CH,CH,CH,—
CcH,—, —CH(CH,) CH,—CH,—,
—CH,CH,CH,CH,—C_H,—, and —CH,CH,CH(CH,)—
C.H,—.

Examples of the trivalent hydrocarbon group to be bonded
to the structural units represented by the formulae (1) to (3) to
form the main chain structure of the polycarbosilane com-
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pound include hydrocarbon groups represented by the fol-
lowing formulae (15) and (16).

(15)

H

PN

=

LSV AN

(16)

An example of the tetravalent hydrocarbon group to be
bonded to the structural units represented by the formulae (1)
to (3) to form the main chain structure of the polycarbosilane
compound 1s a hydrocarbon group represented by the follow-
ing formula (17).

(17)

As described above, the hydrocarbon residue 1s preferably
a divalent hydrocarbon group. Among these, an alkylene
group, an alkenylene group, an alkynylene group, or an
arylene group 1s preferred, an alkylene group or an arylene
group 1s particularly preferred, and an alkylene group 1s most
preferred. The alkylene group 1s more preferably an alkylene
group having 1 to 8 carbon atoms, particularly preferably an
alkylene group having 1 to 4 carbon atoms, and most prefer-
ably a methylene group.

A' in the formula (4) represents a linear or branched diva-
lent hydrocarbon group having 1 to 12 carbon atoms and,
more specifically, the divalent hydrocarbon residue described
above. A in the formula (5) represents an alkylene group
having 1 to 12 carbon atoms and, more specifically, the alky-
lene group having 1 to 12 carbon atoms described above. The
alkylene groups of A’ and A® are more preferably alkylene
groups having 1 to 8 carbon atoms, particularly preferably
alkylene groups having 1 to 4 carbon atoms, and most prei-
erably a methylene group.

Examples of the polycarbosilane compound used in the
first aspect of the present mvention include those having
repeating units described below. However, the polycarbosi-
lane compound 1s not limited to these examples. The poly-
carbonate resin composition according to the first aspect of
the present invention may contain only one polycarbosilane

compound or any combination of two or more polycarbosi-
lane compounds at any ratio.
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Among these, polycarbosilane compounds having a
repeating unit represented by the following formula (6) are
particularly preferred. Such polycarbosilane compounds can
be easily produced by the thermal decomposition of polydim-
cthylsilanes with high yields and thus provide great industrial
advantages.

(6)

In the exemplary formulae above, n represents the degree
ol polymerization of the polycarbosilane compound and 1s
generally 2 or more, more preferably 3 or more, particularly
preferably 5 or more, and still more preferably 10 or more and
generally 20000 or less, more preferably 5000 or less, par-
ticularly preferably 1000 or less, and still more preferably 500
or less. Herein, n not less than the lower limit can result 1n
reduced outgassing and mold fouling 1n the polycarbonate
resin composition according to the first aspect of the present
invention and is therefore preferred. On the other hand, n not
more than the upper limit results in improved dispersibility in
the polycarbonate resin according to the first aspect of the
present invention and tends to result in improved mechanical
properties ol the polycarbonate resin composition according,
to the first aspect of the present invention.

The molecular weight of the polycarbosilane compound
according to the first aspect of the present mvention i1s not
particularly limited and may be appropriately determined.
The number-average molecular weight [Mn] of the polycar-
bosilane compound 1s generally 100 or more, preferably 200
or more, more preferably 300 or more, and particularly pret-
erably 500 or more and generally 20000 or less, preferably
10000 or less, more preferably 5000 or less, and particularly
preferably 3000 or less. The number-average molecular
welght not less than the lower limit can result 1n reduced
outgassing and mold fouling 1n the polycarbonate resin com-
position according to the first aspect of the present invention
and 1s therefore preferred. The number-average molecular
welght not more than the upper limit results 1n the suppression
of reduction 1n the flowability of the polycarbonate resin
composition according to the first aspect of the present inven-
tion, improving shaping processability and facilitating shape
processing. The number-average molecular weight not more
than the upper limit also tends to result in improved mechani-
cal properties. Two or more polycarbosilane compounds hav-
ing different number-average molecular weights may be used
in combination. In this case, polycarbosilane compounds
having number-average molecular weights outside the suit-
able range described above may be mixed.

The number-average molecular weight [Mn], as used
herein, 1s a value measured by gel permeation chromatogra-
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phy (GPC) (apparatus: Tosho 8020, column: Tosoh TSKgel
Multipore Hx1-M) at a temperature of 40° C. using tetrahy-
drofuran as a solvent.

The melting poimnt of the polycarbosilane compound
according to the first aspect of the present mnvention 1s not
particularly limited and may be appropriately determined.
The melting point of the polycarbosilane compound 1s gen-
erally 20° C. or more, preferably 30° C. or more, more prei-
erably 40° C. or more, and particularly preferably 60° C. or
more and generally S00° C. or less, preferably 300° C. or less,
more preferably 280° C. or less, and particularly preferably
260° C. or less. The melting point not less than the lower limat
can result 1n reduced mold fouling 1n the polycarbonate resin
composition according to the first aspect of the present mven-
tion and 1s therefore preferred. The melting point not more
than the upper limit results 1n improved dispersibility in the
polycarbonate resin according to the first aspect of the present
invention and tends to result in improved mechanical proper-
ties of the polycarbonate resin composition according to the
first aspect of the present invention. Two or more polycarbosi-
lane compounds having different melting points may be used
in combination. In this case, polycarbosilane compounds
having melting points outside the suitable range described
above may be mixed.

A method for producing a polycarbosilane compound
according to the first aspect of the present invention 1s not
particularly limited and may be appropriately determined.
Among others, a direct synthesis method and a thermal
decomposition method are exemplified.

An example of the direct synthesis method 1s a method 1n
which at least one dihalogen silane and at least one dihalogen
hydrocarbon are co-condensed 1n the presence of a catalyst,
such as an alkali metal. In this case, the reaction 1s generally
performed 1n a suspension ol a catalyst, such as an alkali
metal, using a solvent. Examples of the solvent for use in the
suspension preferably include hydrocarbon solvents, more
preferably toluene, xylene, and decalin. After other compo-
nents (dihalogen silane and dihalogen hydrocarbon) are intro-
duced 1n the catalyst suspension and the reaction 1s per-
formed, an objective product can be obtained from the
reaction mixture by an appropriate method. When the poly-
carbosilane compound 1s, for example, soluble 1n the solvent,
other insoluble components may be removed by {iltration.
The polycarbosilane compound remaining in the solvent can
be cleaned by washing with water and can be dried nto a
powder by removing the solvent. When the synthesized poly-
carbosilane compound is insoluble 1n the solvent, the poly-
carbosilane compound can be extracted with an appropriate
solvent. Subsequently, the polycarbosilane compound can be
cleaned by washing with water and can be dried into a powder
by removing the solvent.

An example of the thermal decomposition method 1s a
method 1n which a polycarbosilane compound 1s produced by
pyrolytic conversion by heating an alkylsilane, such as tet-
ramethylsilane, or a polysilane, such as polydimethylsilane
(polymethylsilylene), at high temperature. The heating tem-
perature generally ranges from 350° C. to 1000° C. and more
preferably 400° C. to 800° C. Although the reaction may be
performed under atmospheric pressure or high pressure, high
pressure 1s preferred because the yield tends to increase. The
addition of a catalytic amount of a boron compound, such as
polyborodiphenylsiloxane, 1s also preferred. The amount of
boron compound to be added 1s generally 0.1 parts by mass or
more, preferably 0.2 parts by mass or more, and more pret-
erably 0.5 parts by mass or more and generally 5 parts by mass
or less, preferably 3 parts by mass or less, and more preferably
2 parts by mass or less relative to 100 parts by mass of the
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alkylsilane or polysilane. The boron compound content not
less than the lower limit tends to result 1n an increased yield of
the polycarbosilane compound according to the first aspect of
the present invention. The boron compound content not more
than the upper limit can result in a reduced oxygen content of
the polycarbosilane compound according to the first aspect of
the present invention and the suppression of reduction in heat
resistance and dispersibility in polycarbonate resins.

Among these, a method for producing a polycarbosilane
compound from the polysilane compound by the thermal
decomposition method 1s preferred in terms of quality and
cost as a method for producing a polycarbosilane compound
according to the first aspect of the present invention. Two or
more polycarbosilane compounds produced by different
methods may be used 1n combination. In this case, polycar-
bosilane compounds produced by methods outside the suit-
able method described above may be mixed.

The content of the polycarbosilane compound in the poly-
carbonate resin composition according to the first aspect of
the present invention 1s preferably 0.001 parts by mass or
more, 0.005 parts by mass or more, more preferably 0.01 parts
by mass or more, still more preferably 0.02 parts by mass or
more, particularly preterably 0.05 parts by mass or more, and
most preferably 0.1 parts by mass or more and preferably 20
parts by mass or less, more preferably 15 parts by mass or
less, still more preferably 10 parts by mass or less, and par-
ticularly preferably 7.5 parts by mass or less relative to 100
parts by mass of the polycarbonate resin. An excessively low
content of polycarbosilane compound can result 1n 1mnsuifi-
cient eiffects of modifying surface properties, such as water
repellency, o1l repellency, anti-fogging properties, anti-foul-
ing properties, stain removability, moisture resistance, lubric-
ity, abrasion resistance, mold releasability, chemical resis-
tance, and scratch resistance. On the other hand, at an
excessively high content of polycarbosilane compound, 1ts
cifects may be leveled off and thus 1ts use may be uneconomi-
cal, and also the polycarbonate resin composition may have
low mechanical strength.

The polycarbosilane compound according to the first
aspect of the present mnvention may be used alone or 1n com-

bination.
[4. Other Components]

The polycarbonate resin composition according to the first
aspect of the present invention may optionally contain com-
ponents other than those described above provided that
desired physical properties are not deteriorated significantly.
Examples of the other components include resins other than
polycarbonate resins and various resin additive agents. The
other components may be contained alone, or two or more of
the other components may be contained at any ratio.
<Other Resins>

Examples of other resins that can be blended together with
a polycarbonate resin 1n the polycarbonate resin composition
according to the first aspect of the present invention include:

thermoplastic polyester resins, such as a polyethylene
terephthalate resin (PET resin), polytrimethylene terephtha-
late (PTT resin), a polybutylene terephthalate resin (PBT
resin), polylactic acid (PLA), a polybutylene succinate resin
(PBS), and polycaprolactone (PCL);

styrene resins, such as a polystyrene resin (PS resin), a
high-impact polystyrene resin (HIPS), an acrylonitrile-sty-
rene copolymer (AS resin), an acrylonitrile-butadiene-sty-
rene copolymer (ABS resin), an acrylonitrile-styrene-acrylic
rubber copolymer (ASA resin), and an acrylonitrile-ethylene
propylene rubber-styrene copolymer (AES resin);
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polyolefin resins, such as a polyethylene resin (PE resin), a
polypropylene resin (PP resin), a cyclic cycloolefin resin
(COP resin), and a cyclic cycloolefin copolymer resin (COC
resin);

polyamide resins (PA resins); polyimide resins (PI resins);
polyetherimide resins (PEI resins); polyurethane resins (PU
resins); polyphenylene ether resins (PPE resins); polyphe-
nylene sulfide resins (PPS resins); polysulione resins (PSU
resins); and polymethyl methacrylate resins (PMMA resins).

The other resins may be contained alone, or two or more of
the other resins may be contained at any ratio.
<Resin Additive Agents™>

Examples of the resin additive agents include a flame retar-
dant, a heat stabilizer, an antioxidant, a mold-release agent, an
ultraviolet absorber, a dye or pigment, a flame retardant, an
anti-dripping agent, an antistatic agent, an anti-fogging agent,
a lubricant, an anti-blocking agent, a flow modifier, a sliding
modifier, a plasticizer, a dispersant, and an antimicrobial
agent. The resin additive agents may be contained alone, or
two or more of the resin additive agents may be contained at
any ratio.

Examples of the resin additive agents suitable for the poly-
carbonate resin composition according to the first aspect of
the present invention will be more specifically described
below.

[Flame Retardant]

Examples of the flame retardant include metal salt com-
pounds, halides, and phosphorus compounds. Metal salt com-
pounds can be suitably used.

The description of [3. Metal Salt Compound] in II. Second
Aspect of the Present Invention described below can be
applied to the metal salt compounds.

The content of metal salt compound serving as a flame
retardant in the polycarbonate resin composition according to
the first aspect of the present invention i1s preferably 0.01 parts
by mass or more, more preferably 0.02 parts by mass or more,
still more preferably 0.03 parts by mass or more, and particu-
larly preterably 0.05 parts by mass or more and preferably 1
part by mass or less, more preferably 0.75 parts by mass or
less, still more preferably 0.5 parts by mass or less, and
particularly preferably 0.3 parts by mass or less relative to 100
parts by mass of the polycarbonate resin. An excessively low
content of metal salt compound has insuflicient effects of
improving the flame resistance of the polycarbonate resin
composition. On the other hand, an excessively high content
of metal salt compound may result in reduced thermal stabil-

ity ol the polycarbonate resin composition and poor appear-
ance and low mechanical strength of a formed product.
|[Heat Stabilizer]

Examples of the heat stabilizer include phosphorus com-
pounds.

Phosphorus compounds may be any known phosphorus
compounds. Specific examples of the phosphorus com-
pounds include phosphorus oxo acids, such as phosphoric
acid, phosphonic acid, phosphorous acid, phosphinic acid,
and polyphosphoric acid; acid pyrophosphate metal salts,
such as sodium acid pyrophosphate, potasstum acid pyro-
phosphate, and calcium acid pyrophosphate; phosphates of
periodic table group 1 or 2B metal, such as potassium phos-
phate, sodium phosphate, cesium phosphate, and zinc phos-
phate; and organic phosphate compounds, organic phosphite
compounds, and organic phosphonite compounds.

Among these, organic phosphite compounds represented
by the following formulae (18) to (20), organic phosphonite
compounds represented by the following formula (21), and
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organic phosphate compounds represented by the following
formula (22) are preferred.

(18)

OR19
PN
RISO OR20
(19)
O
\\‘:“fﬁ
P
R207 N0
(20)
OH,C  CH,O
R*?Q—P C P—OQR?*
/ \
OH,C CH,O
(21)
R24O ORZG
p—X/—P
RZSO/ ORET
(22)

O=P(OH)4;(OR**)34

In the formulae (18) to (22), R'®, R'”, R*, R*', R**, R*",
R** R*,R*°,R*’, and R*® represent an alkyl group or an aryl
group. Among these, R'®, R'”, R*”, R*!, R*?, R*?, R**, R*,
R*°, R*’, and R*® more preferably represent an alkyl group
generally having 1 or more, preferably 2 or more, and gener-
ally 30 or less, preferably 25 or less, carbon atoms, or an aryl
group generally having 6 or more and 30 or less carbon atoms.

R"™, R', R*°, R*', R** and R* preferably represent an aryl
group rather than an alkyl group. R*!, R**, R**, R*°, R*/, and
R*® preferably represent an alkyl group rather than an aryl
group. RI8, R1® R2° R2! R22, R23 R2* R?5, R, R?’, and
R*® may be the same or different.

In the formulae (19) and (21), X° and X’ represent an aryl
residue having 6 to 30 carbon atoms. In the formula (22), d
generally represents an iteger of O or more and preferably 1
or more and generally 2 or less.

Examples of the organic phosphite compounds represented
by the formula (18) include triphenyl phosphite, tris(monon-
onylphenyl)phosphite, tris(monononyl/dinonyl.phenyl)
phosphite, tris(2,4-di-tert-butylphenyl)phosphite, monooc-
tyldiphenyl phosphite, dioctylmonophenyl phosphite,
monodecyldiphenyl phosphite, didecylmonophenyl phos-
phite, tridecyl phosphite, trilauryl phosphite, and tristearyl
phosphite. Specific examples of the organic phosphite com-
pounds include “ADK STAB 1178 and “ADK STAB 2112
manufactured by Adeka Corp., “JP-3517, “JP-3607, and “JP-
3CP” manufactured by Johoku Chemical Co., Ltd., and
“Irgatos 168”7 manufactured by Ciba Specialty Chemicals
Co., Ltd.

An example of the organic phosphite compounds repre-
sented by the formula (19) 1s 2,2-methylenebis(4,6-d1-tert-
butylphenyl)octyl phosphite. A specific example of the
organic phosphite compounds 1s “ADK STAB HP-10" manu-
factured by Adeka Corp.

Examples of the organic phosphite compounds represented
by the formula (20) include distearyl pentaerythritol diphos-
phite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphos-
phite, and bis(2,6-di-tert-butyl-4-methylphenyl)pentaeryth-
ritol diphosphite. Specific examples of the organic phosphite
compounds include “ADK STAB PEP-8”, “ADK STAB PEP-
24G”, and “ADK STAB PEP-36” manufactured by Adeka
Corp. and “JPP-2000” manufactured by Johoku Chemical
Co., Ltd.
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An example of the organic phosphonite compounds repre-
sented by the formula (21) 1s tetrakis(2,4-di-tert-butylphe-
nyl)-4,4'-biphenylene-di-phosphonite. A specific example of
the organic phosphonite compounds 1s “Sandostab P-EPQ”
manufactured by Sandoz.

Examples of the organic phosphate compounds repre-
sented by the formula (22) include mono-stearic acid phos-
phate, di-stearic acid phosphate, mono-2-ethylhexyl acid
phosphate, di-2-ethylhexyl acid phosphate, monooleyl acid
phosphate, and di-oleyl acid phosphate. Specific examples of
the organic phosphate compounds include “ADK STAB

AX-71” manufactured by Adeka Corp. and “JP-508 and
“JP-518-0” manufactured by Johoku Chemaical Co., Ltd.

The heat stabilizers may be contained alone, or two or more
of the heat stabilizers may be contained at any ratio.

The content of the heat stabilizer in the polycarbonate resin
composition according to the first aspect of the present inven-
tion 1s generally 0.001 parts by mass or more, preferably 0.01
parts by mass or more, and more preferably 0.03 parts by
mass or more and generally 1 part by mass or less, preferably
0.7 parts by mass or less, and more preferably 0.5 parts by
mass or less relative to 100 parts by mass of the polycarbonate
resin. A heat stabilizer content less than or equal to the lower
limit may result 1n an msuificient heat stabilizing effect. At a
heat stabilizer content more than the upper limit, its etfect
may be leveled off and thus its use may be uneconomical.
| Antioxidant]

An example of the antioxidant 1s a hindered phenol anti-
oxidant. Specific examples of the antioxidant include pen-
tacrythritol  tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate], octadecyl-3-(3,5-d1-tert-butyl-4-
hydroxyphenyl)propionate, thiodiethylenebis[3-(3,5-d1-tert-
butyl-4-hydroxyphenyl)propionate], N,N'-hexane-1,6-
diylbis[3-(3,5-di-tert-butyl-4-hydroxyphenylpropionamide),
2.4-dimethyl-6-(1-methylpentadecyl)phenol, diethyl[[3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyl jmethyl]phospho-
ate, 3,3".3",5,5',5"-hexa-tert-butyl-a,a',a"-(mesitylene-2,4,6-
triyl)tri-p-cresol, 4,6-bis(octylthiomethyl)-o-cresol,
cthylenebis(oxyethylene)bis[3-(5-tert-butyl-4-hydroxy-m-
tolyl)propionate], hexamethylenebis[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate], 1,3,5-tr1s(3,5-di-tert-butyl-4-
hydroxybenzyl)-1,3,5-tnazine-2,4,6(1H,3H,5H)-trion, and
2,6-di-tert-butyl-4-(4,6-bis(octylthio)-1,3,5-triazine-2-
ylamino )phenol.

Among these, pentaerythritol tetrakis|3-(3,5-di-tert-butyl-
4-hydroxyphenyl)propionate] and octadecyl-3-(3,5-di-tert-
butyl-4-hydroxyphenyl)propionate are preferred. Specific
examples of the phenol antioxidant include “Irganox 1010~
and “Irganox 1076 manufactured by Ciba Specialty Chemi-
cals Co., Ltd. and “ADK STAB AO-30" and “ADK STAB
AQO-60" manufactured by Adeka Corp.

The antioxidants may be contained alone, or two or more of
the antioxidants may be contained at any ratio.

The content of the antioxidant in the polycarbonate resin
composition according to the first aspect of the present mnven-
tion 1s generally 0.001 parts by mass or more and preferably
0.01 parts by mass or more and generally 1 part by mass or
less and preferably 0.5 parts by mass or less relative to 100
parts by mass of the polycarbonate resin. An antioxidant
content less than or equal to the lower limit may result 1n an
insufficient antioxidant effect. At an antioxidant content more
than the upper limit, 1ts effect may be leveled oif and thus its
use may be uneconomical.

[Mold-Release Agent]

Examples of the mold-release agent include aliphatic car-

boxylic acids, esters of aliphatic carboxylic acids and alco-
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hols, aliphatic hydrocarbon compounds having a number-
average molecular weight of 200 to 15000, and polysiloxane
s1licone oils.

Examples of the aliphatic carboxylic acids include satu-
rated and unsaturated aliphatic monovalent, divalent, and
trivalent carboxylic acids. The aliphatic carboxylic acids
include alicyclic carboxylic acids. Among these, preferred
aliphatic carboxylic acids are monovalent and divalent car-
boxylic acids having 6 to 36 carbon atoms. Aliphatic satu-
rated monovalent carboxylic acids having 6 to 36 carbon
atoms are more preferred. Examples of the aliphatic carboxy-
lic acids include palmitic acid, stearic acid, caproic acid,
capric acid, lauric acid, arachidic acid, behenic acid, lignoc-
eric acid, cerotic acid, melissic acid, tetrariacontanoic acid,
montanic acid, adipic acid, and azelaic acid.

Examples of the aliphatic carboxylic acids in the esters of
aliphatic carboxylic acids and alcohols 1include the aliphatic
carboxylic acids described above. Examples of the alcohols
include saturated and unsaturated monohydric and polyhy-
dric alcohols. These alcohols may have a substituent, such as
a fluorine atom or an aryl group. Among these, saturated
monohydric and polyhydric alcohols having 30 or less carbon
atoms are preferred, and aliphatic saturated monohydric alco-
hols and aliphatic saturated polyhydric alcohols each having,
30 or less carbon atoms are more preferred. The aliphatics, as
used herein, include alicyclic compounds.

Specific examples of the alcohols include octanol, decanol,
dodecanol, stearyl alcohol, behenyl alcohol, ethylene glycol,
diethylene glycol, glycerin, pentaerythritol, 2,2-dihydrox-
yperfluoropropanol, neopentylene glycol, ditrimethylolpro-
pane, and dipentaerythritol.

The esters may contain an aliphatic carboxylic acid and/or
an alcohol as an impurity. The esters may be pure substances
or mixtures of a plurality of compounds. The aliphatic car-
boxylic acids and the alcohols to constitute the esters may be
used alone or 1n any combination at any ratio.

The esters of aliphatic carboxylic acids and alcohols are
classified into full esters 1n which all the carboxyl groups of
the aliphatic carboxylic acid are esterified and partial esters in
which the carboxyl groups are partly esterified. The esters of
aliphatic carboxylic acids and alcohols used 1n the first aspect
of the present invention may be full esters or partial esters.

Specific examples of the esters of aliphatic carboxylic
acids and alcohols include beeswax (a mixture mainly com-
posed of myricyl palmitate), stearyl stearate, behenyl behen-
ate, stearyl behenate, glycerin monopalmitate, glycerin
monostearate, glycerin distearate, glycerin tristearate, pen-
tacrythritol monopalmitate, pentaerythritol monostearate,
pentaerythritol distearate, pentaerythritol tristearate, and
pentaerythritol tetrastearate.

Examples of the aliphatic hydrocarbons having a number-
average molecular weight of 200 to 15000 include liquid
paraifin, parailin wax, microcrystalline wax, polyethylene
wax, Fischer-Tropsch wax, and a-olefin oligomers having 3
to 12 carbon atoms. The aliphatic hydrocarbons include ali-
cyclic hydrocarbons. These hydrocarbons may be partially
oxidized.

Among these, paraflin wax, polyethylene wax, and par-
tially oxidized polyethylene wax are preferred, and paraifin
wax and polyethylene wax are more preferred.

The aliphatic hydrocarbons preferably have a number-av-
erage molecular weight of 5000 or less.

Each of the aliphatic hydrocarbons may be a single sub-
stance or a mixture of substances having different composi-
tions and molecular weights provided that the main compo-
nent 1s within the range described above.
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Examples of the polysiloxane silicone oils include dim-
cthyl silicone o1l, methylphenyl silicone o1l, diphenyl silicone
o1l, and fluorinated alkyl silicone.

The mold-release agents may be contained alone, or two or
more of the mold-release agents may be contained at any
ratio.

The content of the mold-release agent in the polycarbonate
resin composition according to the first aspect of the present
invention 1s generally 0.001 parts by mass or more and pret-
erably 0.01 parts by mass or more and generally 2 parts by
mass or less and preferably 1 part by mass or less relative to
100 parts by mass of the polycarbonate resin. A mold-release
agent content less than or equal to the lower limit may result
in insuificient mold releasability. A mold-release agent con-
tent more than the upper limit may result 1n low hydrolysis
resistance and mold fouling during injection molding.
[Ultraviolet Absorber]

Examples of the ultraviolet absorber include inorganic
ultraviolet absorbers, such as cerium oxide and zinc oxide;
and organic ultraviolet absorbers, such as benzotriazole com-
pounds, benzophenone compounds, salicylate compounds,
cyanoacrylate compounds, triazine compounds, oxanilide
compounds, malonate compounds, and hindered amine com-
pounds. Among these, the organic ultraviolet absorbers are
preferred, and benzotriazole compounds are more preferred.
The organic ultraviolet absorbers can be used to improve the
transparency and mechanical properties of the polycarbonate
resin composition according to the first aspect of the present
invention.

Specific examples of the benzotriazole compounds include
2-(2'-hydroxy-3'-methylphenyl)benzotriazole, 2-[2'-hy-
droxy-3',3'-bis(a,a.-dimethylbenzyl)phenyl]-benzotriazole,
2-(2'-hydroxy-3',5'-di-tert-butyl-phenyl)-benzotriazole,
2-(2'-hydroxy-3'-tert-butyl-3'-methylphenyl)-5-chloroben-
zotriazole, 2-(2'-hydroxy-3',5'-di-tert-butylphenyl)-5-chlo-
robenzotriazole), 2-(2'-hydroxy-3',5'-di-tert-amyl)-benzot-
riazole, 2-(2'-hydroxy-3'-tert-octylphenyl)benzotriazole, and
2,2"-methylenebis[4-(1,1,3,3-tetramethylbutyl)-6-(ZN-ben-
zotriazol-2-yl)phenol]. Among these, 2-(2'-hydroxy-5'-tert-
octylphenyl)benzotriazole and 2,2'-methylenebis[4-(1,1,3,3-
tetramethylbutyl)-6-(2N-benzotriazol-2-yl)phenol] are
preferred, and 2-(2'-hydroxy-5'-tert-octylphenyl)benzotriaz-
ole 1s particularly preferred.

Examples of commercially available benzotriazole com-
pounds include “Seesorb 7017, “Seesorb 7057, “Seesorb

7037, “Seesorb 7027, “Seesorb 704, and “Seesorb 709
manufactured by Shipro Kase1 Kaisha Ltd., “Viosorb 5207,
“Viosorb 5827, “Viosorb 5807, and “Viosorb 583" manufac-
tured by Kyodo Chemical Co., Ltd., “Kemisorb 717 and
“Kemisorb 72” manufactured by Chemipro Kasei Kaisha,
Ltd., “Cyasorb UV3411” manufactured by Cytec Industries
Inc., “LA-327, “LA-38”, “LA-36, “LA-34”, and “LA-31”
manufactured by Adeka Corp., and “Tiuvin P”, “Tinuvin
234”7, “Tinuvin 3267, “Tinuvin 3277, and “Tinuvin 328”7
manufactured by Ciba Specialty Chemicals Co., Ltd.

Specific examples of the benzophenone compounds
include 2,4-dihydroxybenzophenone, 2-hydroxy-4-meth-
oxybenzophenone, 2-hydroxy-4-methoxybenzophenone-5-
sulfonic acid, 2-hydroxy-4-n-octoxybenzophenone, 2-hy-
droxy-n-dodesiloxybenzophenone, bis(5-benzoyl-4-
hydroxy-2-methoxyphenyl)methane, 2,2'-dihydroxy-4-
methoxybenzophenone, and 2,2'-dihydroxy-4,4'-
dimethoxybenzophenone.

Examples of commercially available benzophenone com-

pounds include “Seesorb 1007, “Seesorb 1017, “Seesorb
10187, “Seesorb 1027, “Seesorb 103” manufactured by

Shipro Kasei Kaisha Ltd., “Viosorb 1007, “Viosorb 1107, and
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“Viosorb 130” manufactured by Kyodo Chemical Co., Ltd.,
“Kemisorb 107, “Kemisorb 117, “Kemuisorb 115, “Kemisorb
127, “Kemisorb 137, and “Kemisorb 111”7 manufactured by
Chemipro Kase1 Kaisha, Ltd., “Uvinul 400” manufactured by
BASEF, “Uvinul M-40” manufactured by BASF, “Uvinul
MS-40” manufactured by BASF, “Cyasorb UV9”, “Cyasorb
UV284”, “Cyasorb UV531”, and “Cyasorb UV24” manufac-
tured by Cytec Industries Inc., and “ADK STAB 1413” and
“ADK STAB LA-51"” manufactured by Adeka Corp.

Specific examples of salicylate compounds include phenyl
salicylate and 4-tert-butylphenyl salicylate. Examples of
commercially available salicylate compounds include “See-
sorb 2017 and “Seesorb 202 manufactured by Shipro Kaseil
Kaisha Ltd. and “Kemisorb 21” and “Kemisorb 22 manu-
factured by Chemipro Kase1 Kaisha, Ltd.

Specific examples of cyanoacrylate compounds include
cthyl-2-cyano-3,3-diphenyl acrylate and 2-ethylhexyl-2-cy-
ano-3,3-diphenyl acrylate. Examples of commercially avail-
able cyanoacrylate compounds include “Seesorb 501” manu-
factured by Shipro Kasei Kaisha Ltd., “Viosorb 910~
manufactured by Kyodo Chemical Co., Ltd., “Uvisolator
300” manufactured by Daiichi Kasei Co., Ltd., and “Uvinul
N-35" and “Uvinul N-539” manufactured by BASF.

A specific example of the oxanilide compounds 1s
2-ethoxy-2'-ethyloxanilic acid bisanilide. An example of the
commercially available oxanilide compounds include
“Sanduvor VSU” manufactured by Clariant AG.

The malonate compounds are pretferably 2-(alkylidene)
malonates and more preferably 2-(1-arylalkylidene) mal-
onates. Examples of commercially available malonate com-
pounds 1nclude “PR-25"” manufactured by Clariant (Japan)
K.K. and “B-CAP” manufactured by Ciba Specialty Chemi-
cals Co., Ltd.

The content of the ultraviolet absorber 1n the polycarbonate
resin composition according to the first aspect of the present
invention 1s generally 0.01 parts by mass or more and prefer-
ably 0.1 parts by mass or more and generally 3 parts by mass
or less and pretferably 1 part by mass or less relative to 100
parts by mass of the polycarbonate resin. An ultraviolet
absorber content less than or equal to the lower limit may
result in an isuificient effect of improving weatherability. An
ultraviolet absorber content more than the upper limit results
in the occurrence of mold deposit or the like, possibly causing
mold fouling. The ultraviolet absorbers may be contained
alone, or two or more of the ultraviolet absorbers may be
contained at any ratio.

[Dye or Pigment]

Examples of the dye or pigment include inorganic pig-
ments, organic pigments, and organic dyes.

Examples of the inorganic pigments include carbon black;
sulfide pigments, such as cadmium red and cadmium yellow;
silicate pigments, such as ultramarine blue; oxide pigments,
such as titanium oxide, zinc white, red iron oxide, chromium
oxide, 1ron black, titan yellow, zinc-tron brown, titanium
cobalt green, cobalt green, cobalt blue, copper-chromium
black, and copper-iron black; chromate pigments, such as
chrome yellow and molybdate orange; and ferrocyanide pig-
ments, such as 1ron blue.

Examples of the organic pigments and organic dyes
include phthalocyamine dyes and pigments, such as copper
phthalocyanine blue and copper phthalocyanine green; azo
dyes and pigments, such as nickel azo yellow; thioindigo-
based, perinone-based, perylene-based, quinoline-based,
quinacridone-based, dioxazine-based, isoindolinone-based,
and quinophthalone-based condensed polycyclic dyes and
pigments; anthraquinone-based, heterocycle-based, and
methyl-based dyes and pigments.
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Among these, i terms of thermal stability, titantum oxide,
carbon black, and cyanine-based, quinoline-based,
anthraquinone-based, and phthalocyanine-based compounds
are preferred.

The dyes and pigments may be contained alone, or two or
more of the dyes and pigments may be contained at any ratio.
The dye or pigment may be contained in a masterbatch
together with a polystyrene resin, a polycarbonate resin, or an
acrylic resin to improve handleability during extrusion and
dispersibility 1n resin compositions.

The content of the dye or pigment 1n the polycarbonate
resin composition according to the first aspect of the present
invention 1s generally 5 parts by mass or less, preferably 3
parts by mass or less, and more preferably 2 parts by mass or
less relative to 100 parts by mass of the polycarbonate resin.
An excessively high content of dye or pigment may result in
insuificient impact resistance.
| Ant1-Dripping Agent]

Examples of the anti-dripping agent include fluoropoly-
mers. Among these, fluoroolefin resins are preferred.

The description of [3. Fluoropolymer] in III. Third Aspect
of the Present Invention described below can be applied to the
fluoropolymers serving as anti-dripping agents.

The anti-dripping agents may be contained alone, or two or
more of the anti-dripping agents may be contained at any
ratio.

The content of the anti-dripping agent 1n the polycarbonate
resin composition according to the first aspect of the present
inventionis generally 0.001 parts by mass or more, preferably
0.0035 parts by mass or more, more preferably 0.01 parts by
mass or more, and particularly preferably 0.02 parts by mass
or more and generally 1 part by mass or less, preferably 0.5
parts by mass or less, more preferably 0.3 parts by mass or
less, and particularly preterably 0.1 parts by mass or less
relative to 100 parts by mass of the polycarbonate resin. An
anti-dripping agent content less than or equal to the lower
limit may result 1n suificient effects on flame resistance
produced by the anti-dripping agent. An anti-dripping agent
content more than the upper limit may result 1in poor appear-
ance, low mechanical strength, or significantly low transpar-
ency of formed products obtained by shaping the polycarbon-
ate resin composition.
|5. Method for Producing Polycarbonate Resin Composition]

A method for producing the polycarbonate resin composi-
tion according to the first aspect of the present invention 1s not
particularly limited. Various known methods for producing
polycarbonate resin compositions can be employed.

A specific example 1s a method 1n which a polycarbonate
resin, a polycarbosilane compound, and other components to
be optionally blended are mixed in advance, for example, 1n a
mixer, such as a tumbler or a Henschel mixer, and are melt-

kneaded 1n a mixer, such as a Banbury mixer, a roll, a Bra-
bender, a single-screw extruder, a twin-screw extruder, or a
kneader.

Alternatively, for example, the components are not mixed
in advance, or part of the components 1s mixed in advance,
and the components are supplied to an extruder with a feeder
and then melt-kneaded to produce the polycarbonate resin
composition according to the first aspect of the present inven-
tion.

Alternatively, for example, part of the components 1s mixed
in advance and 1s supplied to and melt-kneaded in an extruder
to produce a resin composition as a masterbatch. This mas-
terbatch 1s again mixed with the other components and melt-
kneaded to produce the polycarbonate resin composition
according to the first aspect of the present invention.
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When a component that 1s difficult to disperse 1s mixed, the
component that 1s difficult to disperse can be dissolved or
dispersed 1n advance 1n a solvent, such as water or an organic
solvent. The solution or dispersion liquid 1s kneaded with
other components and thus high dispersibility can be
achieved.

[6. Polycarbonate Resin Formed Product]

The polycarbonate resin composition according to the first
aspect of the present invention can generally be formed into
polycarbonate resin formed products having any shape. The
shape, design, color, and size of the formed products are not
particularly limited and may be appropriately determined in
accordance with each application of the formed products.

Examples of the formed products include components of
clectrical and electronic devices, OA equipment, information
terminals, mechanical parts, household electrical appliances,
vehicle parts, architectural members, various containers, rec-
reational equipment and miscellaneous articles, and 1llumi-
nators. Among these, the formed products are suitably used
for components of electrical and electronic devices, OA
equipment, information terminals, household electrical
appliances, and illuminators and are particularly suitably
used for components of electrical and electronic devices.

Examples of the electrical and electronic devices include
personal computers, game machines, display units, such as
television sets, printers, copying machines, scanners, fac-
similes, electronic notebooks and PDAs, electronic calcula-
tors, electronic dictionaries, cameras, video cameras, cellular
phones, battery packs, recording medium drives and readers,
mouses, numeric keypads, CD players, MD players, and por-
table radios and audio-players.

A method for manufacturing formed products 1s not par-
ticularly limited. Any common molding method for polycar-
bonate resin compositions can be employed. Examples of the
common molding method include an injection molding
method, an ultra-high-speed mjection molding method, an
injection compression molding method, a comnjection mold-
ing method, gas-assisted blow molding methods and the like,
molding methods using msulated metal dies, molding meth-
ods using rapid heating metal dies, a foam molding (including
supercritical fluid) method, an insert molding method, an
IMC (1in-mold coating molding) molding method, an extru-
sion molding method, a sheet forming method, a thermoform-
ing method, a rotational molding method, a laminate molding
method, and a press forming method. A hot-runner molding
method may also be used.

The polycarbonate resin formed product according to the
first aspect of the present invention obtained by shaping the
polycarbonate resin composition according to the first aspect
of the present invention has surface properties, such as water
repellency, o1l repellency, anti-fogging properties, anti-foul-
ing properties, stain removability, moisture resistance, lubric-
ity, abrasion resistance, mold releasability, chemical resis-
tance, and scratch resistance, modified without adversely
alfecting the excellent intrinsic characteristics of polycarbon-
ate resins. Thus, the polycarbonate resin formed product can
be used as a practical formed product 1n a wide variety of
applications.

[ 7. Modifier for Polycarbonate Resin]

The modifier for polycarbonate resins according to the first
aspect of the present invention contains the polycarbosilane
compound according to the first aspect of the present mven-
tion, preferably having a main chain structure containing at
least one of structural units represented by the formulae (1) to
(3) and a hydrocarbon residue, wherein the hydrocarbon resi-
due 1s a divalent hydrocarbon group. More preferably, the
modifier for polycarbonate resins contains a polycarbosilane
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compound having a repeating unit represented by the formula
(4), particularly the formula (5), and more particularly the

formula (6) and a number-average molecular weight o1 100 to
20000. The modifier for polycarbonate resins 1s industrially
quite useful in improving the surface properties of the poly-
carbonate resin composition, such as water repellency, oil
repellency, anti-fogging properties, anti-fouling properties,
stain removability, moisture resistance, lubricity, abrasion
resistance, mold releasability, chemical resistance, and
scratch resistance, without adversely affecting the intrinsic
characteristics of polycarbonate resins, such as transparency,
heat resistance, and mechanical properties, €.g., impact resis-
tance.

II. Second Aspect of the Present Invention

[1. Overview]

A polycarbonate resin composition according to a second
aspect of the present invention contains at least a polycarbon-
ate resin, a metal salt compound, and a polycarbosilane com-
pound. The polycarbonate resin composition according to the
second aspect of the present invention may optionally contain
other components.

Polycarbosilane compounds are compounds having two or
more repeating units each having a silicon-carbon bond
(S1—C bond) in their main chains. The polycarbosilane com-
pound used 1n the second aspect of the present invention has
the S1—C bond 1n 1ts main chain and thus has excellent
dispersibility 1n and compatibility with polycarbonate resins.
Consequently, there can be solved the problems of existing
polycarbonate resin compositions containing an organosilox-
ane (silicone) compound or a polysilane compound, such as
degradations of transparency, impact resistance, and heat
resistance, and outgassing and mold fouling.

[2. Polycarbonate Resin]

There 1s no limitation on the type of polycarbonate resin
used 1n the polycarbonate resin composition according to the
second aspect of the present invention. Polycarbonate resins
may be used alone, or two or more polycarbonate resins may
be combined with each other at any ratio.

Among these, the polycarbonate resin preferably contains
a predetermined percentage of a polycarbonate resin having a
structural viscosity mndex N within a predetermined range.

The polycarbonate resin in the second aspect of the present
ivention 1s a polymer having a basic structure having a
carbonate bond represented by the following formula (7).

(o)

In the formula (7), X' generally represents a hydrocarbon
group, and X' containing a heteroatom or a hetero bond for
imparting various characteristics may be used.

Polycarbonate resins can be classified into aromatic poly-
carbonate resins 1n which each carbon directly bonded to the
carbonate bond 1s aromatic carbon and aliphatic polycarbon-
ate resins 1n which each carbon directly bonded to the car-
bonate bond 1s aliphatic carbon. Both aromatic polycarbonate
resins and aliphatic polycarbonate resins may be used. Aro-
matic polycarbonate resins are preferred in terms of heat
resistance, mechanical properties, and electrical characteris-
tics.

The type of polycarbonate resin 1s not particularly limited.
One example 1s a polycarbonate polymer produced through
the reaction between a dihydroxy compound and a carbonate
precursor. In addition to the dihydroxy compound and the

(7)
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carbonate precursor, a polyhydroxy compound may be
involved 1n the reaction. Alternatively, carbon dioxide may be
used as the carbonate precursor to react with a cyclic ether.
The polycarbonate polymer may have a straight chain or a
branched chain. The polycarbonate polymer may be a
homopolymer composed of one repeating unit or a copolymer
composed ol two or more repeating units. The copolymer
may be selected from various copolymerization forms, such
as a random copolymer and a block copolymer. In general,
such polycarbonate polymers are thermoplastic resins.

In the second aspect of the present invention, the above
descriptions of [2-1. Dihydroxy Compound], [2-2. Carbonate
Precursor]|, and [2-3. Method for Producing Polycarbonate
Resin] 1n I. First Aspect of the Present Invention can be
applied to [2-1. Dihydroxy Compound], [2-2. Carbonate Pre-
cursor|, and [2-3. Method for Producing Polycarbonate
Resin] of the polycarbonate resin, respectively.

The polycarbonate resin used 1n the second aspect of the
present invention 1s preferably produced by the melt transes-
terification method described above, because such polycar-
bonate resins can be produced with relatively inexpensive and
industrially available raw materials.

[2-4. Structural Viscosity Index of Polycarbonate Resin]

The polycarbonate resin in the second aspect of the present
invention preferably contains at least a certain percentage of
a polycarbonate resin having a structural viscosity index N
within a predetermined range.

The structural viscosity index N 1s an index for evaluating,
the rheological characteristics of a molten substance. In gen-
cral, the melt property of a polycarbonate resin can be
expressed by the numerical formula: y=a-o"", wherein y rep-
resents the shear rate, a represents a constant, o represents the
stress, and N represents the structural viscosity index.

In this numerical formula, N=1 indicates Newtonian flow,
and an increase 1n N results in an increase 1 non-Newtonian
flow. Thus, the rheological characteristics of a molten sub-
stance can be evaluated by the structural viscosity index N. In
general, polycarbonate resins having a high structural viscos-
ity index N tend to have a high melt viscosity in a low-shear
region. Thus, a polycarbonate resin having a high structural
viscosity mndex N can be mixed with another polycarbonate
resin to suppress the dripping of the resulting polycarbonate
resin composition during combustion, thereby improving
flame resistance. In order to maintain high formability of the
resulting polycarbonate resin composition, however, 1t 1s
preferable that the structural viscosity index N of the poly-
carbonate resin 1s not excessively high.

Thus, the polycarbonate resin 1n the polycarbonate resin
composition according to the second aspect of the present
invention preferably contains at least a certain percentage of
a polycarbonate resin, preferably an aromatic polycarbonate
resin, having a structural viscosity index N of generally 1.2 or
more, preferably 1.25 or more, and more preferably 1.28 or
more and generally 1.8 or less and preferably 1.7 or less. A
polycarbonate resin, particularly an aromatic polycarbonate
resin, having a high structural viscosity index N can suppress
the dripping of the polycarbonate resin composition accord-
ing to the second aspect of the present imnvention during com-
bustion, thereby improving flame resistance.

As described 1n, for example, Japanese Unexamined Patent
Application Publication No. 2003-232442, the “structural
viscosity index N” can also be expressed by Log 1 _=[(1-N)/
N]xLog v+C, from which the equation described above has
been derived. In this equation, N represents the structural
viscosity index, v represents the shear rate, C represents a
constant, and 0 _ represents the apparent viscosity. As shown
by this equation, the N value can also be determined from v
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values and m_, values 1n low-shear regions that are greatly
different 1n viscosity behavior. For example, the N value can
be determined from n_ values at v=12.16 sec™' and y=24.32
sec” .

In the polycarbonate resin composition according to the
second aspect of the present mnvention, 1t 1s desirable that the
polycarbonate resin contain generally 20% by mass or more,
preferably 50% by mass or more, and more preferably 60%
by mass or more of a polycarbonate resin (this polycarbonate
resin 1s sometimes referred to as a “predetermined N poly-
carbonate resin”), preferably an aromatic polycarbonate resin
(sometimes referred to as a “predetermined N aromatic poly-
carbonate resin”), having a structural viscosity index N
within a predetermined range. This 1s because the combina-
tion with the predetermined N polycarbonate resin allows the
synergistic effects that are typical of a metal salt compound
and a polycarbosilane compound according to the second
aspect of the present invention to be significantly produced.
The largest amount of predetermined N polycarbonate resin,
preferably predetermined N aromatic polycarbonate resin, in
the polycarbonate resin 1s generally, but not limited to, 100%
by mass or less, preferably 90% by mass or less, and more
preferably 85% by mass or less.

The predetermined N polycarbonate resins may be used
alone, or two or more of the predetermined N polycarbonate
resins may be combined with each other at any ratio.

In addition to the predetermined N polycarbonate resin, the
polycarbonate resin may contain a polycarbonate resin hav-
ing a structural viscosity index N outside the predetermined
range. Although the type 1s not particularly limited, linear
polycarbonate resins are particularly preferred. A combina-
tion ol a predetermined N polycarbonate resin with a linear
polycarbonate resin has the advantage that the flame resis-
tance (anti-dripping properties) and the formability
(flowability) of the resulting polycarbonate resin composition
can be easily balanced. In this regard, a polycarbonate resin
containing a predetermined N polycarbonate resin and a lin-
car polycarbonate resin 1s particularly preferably used.

The structural viscosity index N of the linear polycarbon-
ate resin generally ranges from approximately 1 to 1.15.

In the case where the polycarbonate resin contains a linear
polycarbonate resin, the percentage of the linear polycarbon-
ate resin 1n the polycarbonate resin 1s generally 80% by mass
or less, preferably 50% by mass or less, and more preferably
40% by mass or less and generally more than 0% by mass,
preferably 10% by mass or more, and more preferably 15%
by mass or more. When the content of the linear polycarbon-
ate resin 1n the polycarbonate resin i1s set within the range,
there can be provided the advantages that a metal salt com-
pound serving as a tlame retardant, a polycarbosilane com-
pound, and other additive agents can be easily dispersed and
that a polycarbonate resin having high tlame resistance and
formability can be easily produced.

The polycarbonate resin may contain only a polycarbonate
resin having a structural viscosity index N outside the prede-
termined range alone or two or more of such polycarbonate
resins at any ratio. That 1s, the polycarbonate resin according
to the second aspect of the present invention may contain only
a linear polycarbonate resin or two or more linear polycar-
bonate resins at any ratio.

[2-5. Method for Producing Predetermined N Polycarbonate
Resin]

The predetermined N polycarbonate resin may be pro-
duced by the method for producing the polycarbonate resin.
In this case, a polycarbonate resin having a branched structure
(herematter sometimes referred to as a “branched polycar-
bonate resin’™) 1s preferably produced because the production
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of the predetermined N polycarbonate resin 1s favorably
tacilitated. This 1s because the branched polycarbonate resin

tends to increase the structural viscosity index N.

Examples of a method for producing a branched polycar-
bonate resin include methods described 1n Japanese Unexam-
ined Patent Application Publication No. 8-259687, Japanese
Unexamined Patent Application Publication No. 8-245782,
and the like. In accordance with the methods described 1n
these publications, the catalytic conditions or manufacturing,
conditions 1n a reaction between an aromatic dihydroxy com-
pound and a carbonic acid diester by a melt transesterification
method can be appropnately selected to produce a polycar-
bonate resin having a high structural viscosity index N and
excellent hydrolytic stability without using a branching
agent.

Another method for producing a branched polycarbonate
resin 1s a method 1 which a trifunctional or higher polyfunc-
tional compound (branching agent) and the raw materials of
the polycarbonate resin, a dihydroxy compound and a car-
bonate precursor, are copolymerized by an interfacial poly-
merization method or a melt transesterification method.

Examples of the trifunctional or higher polyfunctional
compound used herein include:
1,3,5-trnhydroxybenzene(phloroglucin),
4,6-dimethyl-2.4,6-tr1(4-hydroxyphenyl
4,6-dimethyl-2,4,6-tri(4-hydroxyphenyl
2,6-dimethyl-2,4,6-tri(4-hydroxypheny.
1,3,5-tr1(4-hydroxyphenyl)benzene,
3,3-bis(4-hydroxyaryl)oxindole (or 1satinbisphenol),
S-chloroisatin,
5,7-dichloroisatin,

S5-bromisatin, and the like:
silicon-containing trisphenol compounds, such as

Jheptene-2,
)heptane,
Hheptene-3,

CcH —Sl—([O—SlF’hZ]SD—C H —C H —OH)3,

CcsH,—S1—(]O—S1Me, |4
CGH —OH),, and

CcsHs—S1—(]O—S1Me, |,
CeHy—OH);,

(wherein Me represents a methyl group, and Ph represents
a phenyl group); and

polyhydroxy compounds, such as trisphenol compounds,
represented by the following formulae (8) and (9).

\ "
b‘?\{ s

Y

OH

C.H.Si(O—SiMe,-C,H,C H,OH),,
C.H. Si (O SiPh.-C.H,  C.IL,OH)..
C.H.—Si (O SiMe,-C,H, C.I,OH)..
C.H.  Si (O SiPh.-C.IL, C.IL,OH)..
C.H.—Si([O—SiMe, |.—C.H.—C,H,—OH),
C.H.—Si([O—SiMe. ] o—C.H.—C.H,—OH).,
C.H.—Si([O—SiMe,]., C,H.C.H,OH),,
-5
-5

[0 SlPh] ~CH.

«—|O—S1Ph,|,—C;H—

(8)

In the formula (8), R” represents an alkyl group having 1 to
5 carbon atoms, and R>, R°, R’, R®, R”, and R'® each inde-
pendently represent a hydrogen atom or an alkyl group having,
1 to 10 carbon atoms.
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In the formula (9), R*', R'%, R"°, and R'* each indepen-

dently represent an alkyl group having 1 to 10 carbon atoms,
a cycloalkyl group having 5 to 10 carbon atoms, or acycloaryl
group having 5 to 10 carbon atoms, andR'>, R'®, and R"’ each
independently represent a hydrogen atom or an alkyl group
having 1 to 10 carbon atoms.

Specific examples of the compound represented by the
formula (8) include:
1,1,1-tris(4-hydroxyphenyl
1,1,1-tris(4-hydroxyphenyl
1,1,1-tris(4-hydroxyphenyl
1,1,1-tr1s(2-methyl
1,1,1-tr1s(2-methyl

)-methane,

)-ethane,

)-propane,
-4-hydroxyphenyl)-methane,
-4-hydroxyphenyl)-ethane,
1,1,1-tr1s(3-methyl-4-hydroxyphenyl)-methane,
1,1,1-tr1s(3-methyl-4-hydroxyphenyl)-ethane,
1,1,1-tr1s(3,5-dimethyl-4-hydroxyphenyl)-methane, and
1,1,1-tr1s(3,5-dimethyl-4-hydroxyphenyl)-ethane.

In the formula (9), R'', R'*, R'®, and R'* are particularly
preferably a methyl group. The cycloalkyl ring of the
cycloalkyl group of R'', R'%, R"?, and R'* may be substituted
with an alkyl group having 1 to 4 carbon atoms, preferably a
methyl group. R'>, R'®, and R'” are particularly preferably a
hydrogen atom.

The compound represented by the formula (9) 1s particu-

larly preferably a compound represented by the following
formula (10).

(10)
OH

\

4

HO OH

The polyfunctional compound may be used by substituting,
part of the raw material dihydroxy compound. The amount of
polyfunctional compound to be used 1s generally 0.01% by
mole or more and preferably 0.1% by mole or more and
generally 10% by mole or less and preterably 3% by mole or
less of the dihydroxy compound.

The polyiunctional compounds may be used alone, or two
or more of the polyfunctional compounds may be combined
with each other at any ratio.

Examples of the branched structure of the branched poly-
carbonate resin produced by the melt transesterification
method 1nclude the structures represented by the following
formulae (11) to (14). In the following formulae (11) to (14),
XZ, X?, X%, and X are selected from the group consisting of
a single bond, an alkylene group having 1 to 8 carbon atoms,
an alkylidene group having 2 to 8 carbon atoms, a cycloalky-
lene group having 5 to 15 carbon atoms, a cycloalkylidene
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group having 5 to 15 carbon atoms, and divalent groups
represented by —O—, S— —CO—, —SO—, and
—SO,—.

COO—

OO

COO—

_ _ _/
OO0

—0O0C

—0O0C

COO——

Among the above-described methods for producing the
branched polycarbonate resin, a method mvolving the melt
transesterification method 1s particularly preferred. This 1s
because the branched polycarbonate resin can be produced
with relatively inexpensive and industrially available raw
materials, as described 1n the method for producing a poly-
carbonate resin. 40

The description of [2-4. Other Matters regarding Polycar-
bonate Resin] in I. First Aspect of the Present Invention can be
applied to [2-6. Other Matters regarding Polycarbonate
Resin] of the polycarbonate resin used 1n the second aspect of
the present invention. 45
[3. Metal Salt Compound]

The polycarbonate resin composition according to the sec-
ond aspect of the present invention contains a metal salt
compound. The metal salt compound can improve the flame
resistance of the polycarbonate resin composition according,
to the second aspect of the present ivention.

Examples of the metal of the metal salt compound include
alkal1 metals, such as lithium (L1), sodium (Na), potassium
(K), rubidium (Rb), and cesium (Cs); alkaline-earth metals,
such as magnesium (Mg), calcium (Ca), strontium (Sr), and
bartum (Ba); and aluminum (Al), titantum (T11), 1ron (Fe),
cobalt (Co), mickel (N1), copper (Cu), zinc (Zn), zirconium
(Zr), and molybdenum (Mo). Among these, alkali metals and
alkaline-earth metals are preferred. 60

This 1s because they can promote the formation of a car-
bonized layer during the combustion of the polycarbonate
resin composition according to the second aspect of the
present invention, thereby improving tlame resistance, and

can maintain excellent mechanical properties, such as impact 65
resistance, heat resistance, and electrical characteristics of the
polycarbonate resin. Thus, the metal salt compound 1s more
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preferably at least one metal salt compound selected from the
group consisting of alkali metal salts and alkaline-earth metal
salts, still more preferably an alkali metal salt compound, and

(11)

(12)

(13)
COO—

(14)

particularly preferably a sodium salt compound, a potassium
salt compound, and a cesium salt compound.

Examples of the metal salt compounds include organic
metal salt compounds and inorganic metal salt compounds. In
terms of dispersibility 1n polycarbonate resins, organic metal
salt compounds are preferred.

Examples of the organic metal salt compounds include
organic sulfonic acid metal salts, organic sulfonamide metal
salts, organic carboxylic acid metal salts, organic boric acid
metal salts, and organic phosphoric acid metal salts. Among
these, 1n terms of thermal stability when mixed with a poly-
carbonate resin, organic sulfonic acid metal salts, organic
sulfonamide metal salts, and organic phosphoric acid metal
salts are preferred, and organic sulfonic acid metal salts are
particularly preferred.

Examples of the organic sulfonic acid metal salts include
organic sulfonic acid lithitum (L1) salts, organic sulfonic acid
sodium (INa) salts, organic sulfonic acid potasstum (K) salts,
organic sulfonic acid rubidium (Rb) salts, organic sulfonic
acid cesium (Cs) salts, organic sulfonic acid magnesium (Mg)
salts, organic sulfonic acid calcium (Ca) salts, organic sul-
fonic acid strontium (Sr) salts, and organic sulfonic acid
bartum (Ba) salts. Among these, organic sulfonic acid alkali
metal salts, such as organic sultfonic acid sodium (INa) salts,
organic sulfonic acid potasstum (K) salt compounds, and
organic sulfonic acid cesium (Cs) salt compounds, are par-
ticularly preferred.

Preferred examples of the metal salt compound include
fluorine-containing aliphatic sulfonic acid metal salts, fluo-
rine-containing aliphatic sulfonimide metal salts, aromatic

sulfonic acid metal salts, and aromatic sulfonamide metal
salts. Among these, preferred specific examples include:
<Fluorine-Containing Aliphatic Sulfonic Acid Metal Salts>
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fluorine-containing aliphatic sulfonic acid alkali metal
salts having at least one C—F bond 1n its molecule, such as
potassium perfluorobutanesulionate, lithium perfluorobu-
tanesulfonate, sodium perfluorobutanesulfonate, cesium per-
fluorobutanesulfonate, lithium trifluoromethanesulfonate,
sodium  trifluoromethanesulfonate, potassium  trifluo-
romethanesulfonate, potassium perfluoroethanesulionate,
and potassium pertluoropropanesulionate;

fluorine-containing aliphatic sulfonic acid alkaline-earth
metal salts having at least one C—F bond in 1ts molecule,
such as magnesium pertluorobutanesulionate, calcium per-
fluorobutanesulionate, barium perfluorobutanesulionate,
magnesium trifluoromethanesulfonate, calcium trifluo-
romethanesulfonate, and barium trifluoromethanesulfonate;
and

fluorine-containing aliphatic disulfonic acid alkali metal
salts having at least one C—F bond 1n its molecule, such as
disodium perfluoromethanedisulionate, dipotassium pertluo-
romethanedisulifonate, sodium pertluoroethanedisulionate,
dipotasstum pertluoroethanedisulfonate, dipotassium per-
fluoropropanedisulfonate, dipotasstum  pertluoroisopro-
panedisulifonate, disodium perfluorobutanedisulionate, dipo-
tassium  perfluorobutanedisulionate, and dipotassium
pertluorooctanedisulionate;
<Fluorine-Containing Aliphatic Sulfonimide Metal Salts>

fluorine-containing aliphatic sulfonimide alkali metal salts
having at least one C—F bond 1n 1ts molecule, such as lithium
bis(pertluoropropanesulfonylimide, sodium bis(pertluoro-
propanesulfonyl imide, potassium bis(perfluoropropane-
sulfonyl)imide, lithrum bis(perfluorobutanesulionyl)imide,
sodium bis(pertfluorobutanesulfonyl)imide, potasstum bis
(perfluorobutanesulionyl imide, potassium trifluoromethane
(pentafluoroethane)sulfonylimide, sodium trifluoromethane
(nonafluorobutane)sulfonylimide, and potassium
tritfluoromethane(nonafluorobutane)sulfonylimide; and

cyclic fluorine-containing aliphatic sulfomimide alkali
metal salts having at least one C—F bond in 1ts molecule,
such as lithium cyclo-hexatluoropropane-1,3-bis(sulfonyl)
imide, sodium cyclo-hexafluoropropane-1,3-bis(sulfonyl)
imide, and potassium cyclo-hexatluoropropane-1,3-bis(sul-
fonyl yymide;
<Aromatic Sulfonic Acid Metal Salts>

aromatic sulfonic acid alkali metal salts having at least one
aromatic group 1n its molecule, such as dipotasstum diphe-
nylsulfone-3,3'-disulfonate, potasstum diphenylsulfone-3-
sulfonate, sodium benzenesulionate, poly(sodium styrene-
sulfonate), sodium paratoluenesulionate, (branched) sodium
dodecylbenzenesulionate, sodium  trichlorobenzene-
sulfonate, potassium benzenesulfonate, potassium styrene-
sulfonate, poly(potassium styrenesulionate), potassium para-
toluenesulionate, (branched) potassium
dodecylbenzenesulionate, potassium trichlorobenzene-
sulfonate, cesium benzenesulionate, poly(cestum styrene-
sulfonate), cesium paratoluenesulionate, (branched) cesium
dodecylbenzenesulionate, and cesium trichlorobenzene-
sulfonate; and

aromatic sulfonic acid alkaline-earth metal salts having at
least one aromatic group 1n its molecule, such as magnesium
paratoluenesulionate, calcium paratoluenesulfonate, stron-
tium paratoluenesulionate, bartum paratoluenesulionate,
(branched) magnesium dodecylbenzenesulionate, and
(branched) calcium dodecylbenzenesulionate; and
<Aromatic Sulfonamide Metal Salts>

aromatic sulfonamide alkali metal salts having at least one
aromatic group in 1ts molecule, such as saccharin sodium sallt,
N-(p-tolylsulfonyl)-p-toluene sulfonimide potassium salt,
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N-(N'-benzylaminocarbonyl)sulfanilimide potassium sallt,
and N-(phenylcarboxyl)-sulfanilimide potassium salt.

Among these examples, fluorine-containing aliphatic sul-
fonic acid metal salts and aromatic sulfonic acid metal salts
are more preferred, and fluorine-containing aliphatic sulfonic
acid metal salts are particularly preferred.

The fluorine-containing aliphatic sulfonic acid metal salts
are more preferably fluorine-containing aliphatic sulfonic
acid alkali metal salts having at least one C—F bond 1n 1ts
molecule and particularly preferably perfluoroalkane sul-
fonic acid alkali metal salts. More specifically, potassium
pertluorobutanesulfonate 1s preferred.

The aromatic sulfonic acid metal salts are more preferably
aromatic sulfonic acid alkali1 metal salts; particularly prefer-
ably diphenylsulfone-sulfonic acid alkali metal salts, such as
dipotasstum diphenylsulione-3,3'-disulfonate and potassium
diphenylsulfone-3-sulfonate, and paratoluenesulifonic acid
alkali metal salts, such as sodium paratoluenesulionate,
potassium paratoluenesulionate, and cesium paratoluene-
sulfonate; and still more preferably paratoluenesulfonic acid
alkal1 metal salts.

These metal salt compounds may be used alone, or two or
more of the metal salt compounds may be combined with
cach other at any ratio.

The content of metal salt compound 1n the polycarbonate
resin composition according to the second aspect of the
present invention 1s 0.01 parts by mass or more, preferably
0.02 parts by mass or more, more preferably 0.03 parts by
mass or more, and particularly preferably 0.05 parts by mass
or more and 1 part by mass or less, preferably 0.75 parts by
mass or less, more preferably 0.5 parts by mass or less, and
particularly preferably 0.3 parts by mass or less relative to 100
parts by mass of the polycarbonate resin. An excessively low
content of metal salt compound may result in nsuificient
flame resistance of the resulting polycarbonate resin compo-
sition. On the other hand, an excessively high content of metal
salt compound may result in reduced thermal stability of the
polycarbonate resin composition and poor appearance and
low mechanical strength of a formed product.

[4. Polycarbosilane Compound]

The polycarbonate resin composition according to the sec-
ond aspect of the present invention contains a polycarbosilane
compound, that 1s, a silicon compound having a silicon-car-
bon bond 1n the main chain. In accordance with the second
aspect of the present invention, a combination of the polycar-
bosilane compound and a metal salt compound can markedly
improve the flame resistance of the polycarbonate resin com-
position according to the second aspect of the present inven-
tion. A polycarbonate resin composition having higher trans-
parency, impact resistance, and heat resistance and causing
less outgassing and mold fouling can be produced using a
polycarbosilane compound according to the second aspect of
the present invention compared with the case where a con-
ventional organosiloxane (silicone) compound or polysilane
compound 1s used. The reason for this 1s described below.

Conventional organosiloxanes (silicones) are silicon com-
pounds having a silicon-oxygen bond as the main chain.
Polysilane compounds are silicon compounds having a sili-
con-silicon bond as the main chain. These silicon compounds
therefore have strong inorganic characteristics and conse-
quently poor compatibility with and dispersibility in polycar-
bonate resins, which are organic resins. Thus, these silicon
compounds tend to cause poor mechanical properties, such as
impact resistance, and poor transparency.

In particular, since organosiloxanes generally have low
melting points, the blend of the organosiloxanes with poly-
carbonate resins tends to cause low heat resistance of their
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resin compositions and increased outgassing, which tends to
cause mold fouling. Use of organosiloxanes having lower
molecular weights so as to achieve higher transparency
increases outgassing and mold fouling. Although polysilane
compounds tend to be better 1n terms of heat resistance than
organosiloxane compounds, because of the same reasons as
described above, use of the polysilane compounds results 1n
markedly poor mechanical properties, possibly low transpar-
ency, and icreased outgassing and mold fouling.

In contrast, polycarbosilane compounds having a silicon-
carbon bond 1n the main chain contain an organic moiety
(organic residue) 1n the main chain and have more organic
characteristics. Polycarbosilane compounds therefore have
much higher dispersibility in polycarbonate resins than orga-
nosiloxanes or polysilane compounds and can improve the
flame resistance of the polycarbonate resin composition with-
out causing deterioration 1n mechanical properties, such as
impact resistance, and transparency. Furthermore, a polycar-
bosilane compound according to the second aspect of the
present 1nvention has high heat resistance, resulting in
reduced deterioration in the heat resistance of a polycarbon-
ate resin composition and markedly reduced outgassing and
mold fouling.

In a method for improving tlame resistance with an orga-
nosiloxane (silicone) compound, a silicon-oxygen bond of
organosiloxane 1s believed to be important because the sili-
con-oxygen bond 1s converted into a S10, component during
combustion to improve flame resistance. However, as a result
of studies performed by the inventors, 1t was found that a bond
between a silicon atom and a side chain (for example, a
methyl group or a phenyl group), that is, a silicon-carbon
bond of organosiloxane contributed to flame resistance more
than the silicon-oxygen bond. This 1s probably because
organic components are vaporized by the cleavage of the
s1licon-carbon bond during combustion to form a foam layer.

Since the polycarbosilane compound according to the sec-
ond aspect of the present invention has a silicon-carbon bond
in the main chain as well as the side chains, the polycarbosi-
lane compound has the advantage that 1t can improve flame
resistance more elficiently than organosiloxane and polysi-
lane compounds.

The polycarbosilane compound according to the second
aspect of the present invention may contain a bond between a
s1licon atom and an atom other than carbon 1n the main chain
without departing from the object of the second aspect of the
present invention. Examples of such a bond include a silicon-
s1licon (S1—=S1) bond, a silicon-oxygen (S1—O) bond, a sil1-
con-nitrogen (S1—N) bond, a silicon-boron (S1—B) bond, a
silicon-phosphorus (Si—P) bond, and a silicon-titanium
(S1—T1) bond. Such a bond may be 1mtroduced from compo-
nents, such as raw materials and catalysts, or may be unin-
tentionally introduced by oxidation or other actions during,
the production of silicon compounds substantially having a
s1licon-carbon bond alone.

A polycarbosilane compound used 1n the second aspect of
the present invention 1s the same as the polycarbosilane com-
pound used 1n the first aspect of the present invention. Thus,
the description of [3. Polycarbosilane Compound] in I. First
Aspect of the Present Invention can be applied.

The content of the polycarbosilane compound in the poly-
carbonate resin composition according to the second aspect
of the present mvention 1s 0.005 parts by mass or more,
preferably 0.01 parts by mass or more, more preferably 0.02
parts by mass or more, particularly preferably 0.05 parts by
mass or more, and most preferably 0.1 parts by mass or more
and 5 parts by mass or less, preferably 3 parts by mass or less,
more preferably 2 parts by mass or less, and particularly
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preferably 1 part by mass or less relative to 100 parts by mass
of the polycarbonate resin. An excessively low content of
polycarbosilane compound may result in msuificient flame
resistance of the resulting polycarbonate resin composition.
On the other hand, at an excessively high content of polycar-
bosilane compound, 1ts effect may be leveled oif and thus its
use may be uneconomical, and the polycarbonate resin com-
position may have low mechanical strength.

The polycarbosilane compound according to the second
aspect of the present invention may be used alone or 1n com-
bination.

[5. Other Components]

The polycarbonate resin composition according to the sec-
ond aspect of the present mvention may optionally contain
components other than those described above provided that
desired physical properties are not significantly deteriorated.
Examples of the other components include resins other than
polycarbonate resins and various resin additive agents. The
other components may be contained alone, or two or more of
the other components may be contained at any ratio.

The description of <Other Resins> that may be contained
in the polycarbonate resin composition according to I. First
Aspect of the Present Invention can be applied to <Other
Resins> that may be contained in the polycarbonate resin
composition according to the second aspect of the present
ivention.
<Resin Additive Agents™>

Examples of the resin additive agents include a heat stabi-
lizer, an antioxidant, a mold-release agent, an ultraviolet
absorber, a dye or pigment, a flame retardant, an anti-dripping
agent, a light-diffusing agent, an antistatic agent, an anti-
fogging agent, a lubricant, an anti-blocking agent, a flow
modifier, a sliding modifier, a plasticizer, a dispersant, and an
antimicrobial agent. The resin additive agents may be con-
tained alone, or two or more of the resin additive agents may
be contained at any ratio.

The descriptions of Heat Stabilizer, Antioxidant, Mold-
Release Agent, Ultraviolet Absorber, Dye or Pigment, and
Anti-Dripping Agent of <Resin Additive Agents>that may be
contained 1n the polycarbonate resin composition according
to I. First Aspect of the Present Invention can be applied to
exemplary resin additive agents Heat Stabilizer, Antioxidant,
Mold-Release Agent, Ultraviolet Absorber, Dye or Pigment,
and Anti-Dripping Agent suitable for the polycarbonate resin
composition according to the second aspect of the present
invention, respectively.

[Light-Diffusing Agent]

A light-diffusing agent contains inorganic or organic fine
particles. Examples of the light-diffusing agent include glass
fine particles and organic fine particles of, for example, poly-
styrene resins, (meth)acrylic resins, and silicone resins.
Organic fine particles are preferred in terms of light diffusion
and particle dispersion.

The organic fine particles of the light-diffusing agent are
preferably cross-linked organic fine particles that do not melt
in the polycarbonate resin even when heated to the shaping
temperature of the polycarbonate resin. Thus, cross-linked
(meth)acrylic resins and cross-linked silicone resins are pre-
ferred. Specific examples thereof include partially cross-
linked polymethyl methacrylate polymer fine particles, cross-
linked silicone resin particles, and silicone rubber powders
containing silicone rubber coated with a silicone resin.

The shape of the light-diffusing agent 1s preferably spheri-
cal 1n terms of light-diffusing effects.

The average particle size of the particulate light-diffusing
agent preferably ranges from 0.1 to 50 um, more preferably
0.5 to 10 um, and particularly 1 to 5 um. An excessively small
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average particle size of the light-diffusing agent results 1n
isuificient light dispersion effects. An excessively large
average particle size may result 1n a rough surface or low
mechanical strength of formed products. The average particle
s1ze of the light-diffusing agent refers to a volume-average
particle size measured by a Coulter counter method. The
Coulter counter method can determine the particle size by
passing sample particles suspended 1n an electrolyte through
a pore (aperture) and reading a change 1n voltage pulse gen-
erated 1n proportion to the particle volume. Furthermore, the
voltage pulse height can be measured one by one to prepare
the volume distribution histogram of the sample particles.
The measurements of the particle size or the particle size
distribution by the Coul counter method are most frequently
used as a particle size distribution analysis.
In the second aspect of the present invention, two or more
light-diffusing agents made of different materials or having
different average particle sizes may be used 1n combination.
In the case where the polycarbonate resin composition
according to the second aspect of the present mnvention con-
tains a light-diffusing agent, the preferred content of the light-
diffusing agent generally ranges from 0.1 to 20 parts by mass
and more preferably 0.3 to 10 parts by mass relative to 100
parts by mass of the polycarbonate resin. An excessively low
content of light-diffusing agent results in nsuificient light
diffusion. Thus, a light source tends to be seen through a
tormed product, resulting 1n an msuificient effect of reducing

glare. An excessively high content of light-diffusing agent
results 1n 1nsuificient luminance.
[6. Method for Producing Polycarbonate Resin Composition]

A method for producing the polycarbonate resin composi-
tion according to the second aspect of the present invention 1s
not particularly limited. Various known methods for produc-
ing polycarbonate resin compositions can be employed.

A specific example 1s a method 1n which a polycarbonate
resin, a metal salt compound, a polycarbosilane compound,
and other components to be optionally blended are mixed 1n
advance, for example, 1n a mixer, such as a tumbler or a
Henschel mixer, and are melt-kneaded 1n a mixer, such as a
Banbury mixer, a roll, a Brabender, a single-screw extruder, a
twin-screw extruder, or a kneader.

Alternatively, for example, the components are not mixed
in advance, or part of the components 1s mixed in advance,
and the components are supplied to an extruder with a feeder
and then melt-kneaded to produce the polycarbonate resin
composition according to the second aspect of the present
invention.

Alternatively, for example, part ol the components 1s mixed
in advance and 1s supplied to and melt-kneaded in an extruder
to produce a resin composition as a masterbatch. This mas-
terbatch 1s again mixed with the other components and melt-
kneaded to produce the polycarbonate resin composition
according to the second aspect of the present invention.

When a component that 1s difficult to disperse 1s mixed, the
component that 1s difficult to disperse can be dissolved or
dispersed 1n advance 1n a solvent, such as water or an organic
solvent. The solution or dispersion liquid 1s kneaded with
other components and thus high dispersibility can be
achieved.

[ 7. Polycarbonate Resin Formed Product]

The polycarbonate resin composition according to the sec-
ond aspect of the present invention can generally be formed
into polycarbonate resin formed products having any shape.
The shape, design, color, and size of the formed products are
not particularly limited and may be appropriately determined
in accordance with each application of the formed products.
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Examples of the formed products include components of
clectrical and electronic devices, OA equipment, information
terminals, mechanical parts, household electrical appliances,
vehicle parts, architectural members, various containers, rec-
reational equipment and miscellaneous articles, and 1llumi-
nators. Among these, the formed products are suitably used
for components of electrical and electronic devices, OA
equipment, nformation terminals, household electrical
appliances, and i1lluminators and are particularly suitably
used for components of electrical and electronic devices.

Examples of the electrical and electronic devices include
personal computers, game machines, display units, such as
television sets, printers, copying machines, scanners, fac-
similes, electronic notebooks and PDAs, electronic calcula-
tors, electronic dictionaries, cameras, video cameras, cellular
phones, battery packs, recording medium drives and readers,
mouses, numeric keypads, CD players, MD players, and por-
table radios and audio-players.

A method for manufacturing formed products 1s not par-
ticularly limited. Any common molding method for polycar-
bonate resin compositions can be employed. Examples of the
common molding method include an injection molding
method, an ultra-high-speed mjection molding method, an
injection compression molding method, a coinjection mold-
ing method, gas-assisted blow molding methods and the like,
molding methods using insulated metal dies, molding meth-
ods using rapid heating metal dies, a foam molding (including
supercritical fluid) method, an insert molding method, an
IMC (1n-mold coating molding) molding method, an extru-
sion molding method, a sheet forming method, a thermoform-
ing method, a rotational molding method, a laminate molding
method, and a press forming method. A hot-runner molding
method may also be used.

The polycarbonate resin formed product according to the
second aspect of the present invention obtained by shaping
the polycarbonate resin composition according to the second
aspect of the present mvention has excellent transparency,
flame resistance, mechanical properties, and other character-
1stics, without adversely affecting the excellent intrinsic char-
acteristics of polycarbonate resins. Thus, the polycarbonate
resin formed product can be used as a practical formed prod-
uct 1n a wide variety of applications.

I11. Third Aspect of the Present Invention
[1. Overview]

A thermoplastic resin composition according to a third
aspect of the present invention contains at least a thermoplas-
tic resin, a tluoropolymer, and a polycarbosilane compound
serving as a fluoropolymer dispersant. The thermoplastic
resin composition according to the third aspect of the present
invention may optionally contain a flame retardant and other
components.

Polycarbosilane compounds are compounds having two or
more repeating units each having a silicon-carbon bond
(S1—C bond) in their main chains. The polycarbosilane com-
pound used 1n the third aspect of the present invention has the
S1—C bond 1n 1ts main chain and thus has significant effects
of improving the compatibility and dispersibility of the fluo-
ropolymer in thermoplastic resins. Consequently, there can
be solved the problems of existing thermoplastic resin com-
positions containing a fluoropolymer, such as low light trans-
mittance, particularly low transmittance of near-infrared
light, poor appearance, and strength reduction.

[2. Thermoplastic Resin]

Examples of thermoplastic resins for use in the thermo-
plastic resin composition according to the third aspect of the
present invention include, but are not limited to:
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polycarbonate resins (PC resins), such as aromatic poly-
carbonate resins and aliphatic polycarbonate resins;

thermoplastic polyester resins, such as a polyethylene
terephthalate resin (PET resin), polytrimethylene terephtha-
late (PTT resin), a polybutylene terephthalate resin (PBT
resin), polylactic acid (PLA), a polybutylene succinate resin

(PBS), and polycaprolactone (PCL);

styrene resins, such as a polystyrene resin (PS resin), a
high-impact polystyrene resin (HIPS), an acrylonitrile-sty-
rene copolymer (AS resin), an acrylonitrile-butadiene-sty-
rene copolymer (ABS resin), an acrylonitrile-styrene-acrylic
rubber copolymer (ASA resin), and an acrylonitrile-ethylene
propylene rubber-styrene copolymer (AES resin);

polyolefin resins, such as a polyethylene resin (PE resin), a
polypropylene resin (PP resin), a cyclic cycloolefin resin
(COPresin), and a cyclic cycloolefin copolymer (COC resin);
and

polyamide resins (PA resins); polyimide resins (Pl resins);
polyetherimide resins (PEI resins); polyurethane resins (PU
resins); polyphenylene ether resins (PPE resins); polyphe-
nylene sulfide resins (PPS resins); polysulfone resins (PSU
resins); and polymethyl methacrylate resins (PMMA resins).

The thermoplastic resin composition according to the third
aspect of the present mvention may contain one of these
thermoplastic resins or any combination of two or more of
these thermoplastic resins at any ratio.

In particular, 1n the third aspect of the present mvention,
among these thermoplastic resins, because of excellent opti-
cal properties, such as transparency, heat resistance, mechani-
cal properties, and electrical characteristics, polycarbonate
resins are preferably used, and aromatic polycarbonate resins
are particularly preferably used. Preferably, 50% or more,
particularly 70% by mass or more, of the thermoplastic resin
contained in the thermoplastic resin composition according to
the third aspect of the present ivention 1s a polycarbonate
resin, particularly an aromatic polycarbonate resin. Polycar-
bonate resins may be used alone, or two or more polycarbon-
ate resins may be combined with each other at any ratio.

The polycarbonate resin 1s a polymer having a basic struc-

ture having a carbonate bond represented by the following
formula (7):

(7)
O

—O0—X!—O0—C—

In the formula (7), X' generally represents a hydrocarbon
group, and X' containing a heteroatom or a hetero bond for
imparting various characteristics may be used.

Polycarbonate resins can be classified imnto aromatic poly-
carbonate resins 1n which each carbon directly bonded to the
carbonate bond 1s aromatic carbon and aliphatic polycarbon-
ate resins 1n which each carbon directly bonded to the car-
bonate bond 1s aliphatic carbon. Both aromatic polycarbonate
resins and aliphatic polycarbonate resins may be used. Aro-
matic polycarbonate resins are preferred 1n terms of heat
resistance, mechanical properties, and electrical characteris-
tics.

The type of polycarbonate resin 1s not particularly limaited.
One example 1s a polycarbonate polymer produced through
the reaction between a dihydroxy compound and a carbonate
precursor. In addition to the dihydroxy compound and the
carbonate precursor, a polyhydroxy compound may be
involved in the reaction. Alternatively, carbon dioxide may be
used as the carbonate precursor to react with a cyclic ether.

10

15

20

25

30

35

40

45

50

55

60

65

52

The polycarbonate polymer may have a straight chain or a
branched chain. The polycarbonate polymer may be a
homopolymer composed of one repeating unit or a copolymer
composed of two or more repeating units. The copolymer
may be selected from various copolymerization forms, such
as a random copolymer and a block copolymer. In general,
such polycarbonate polymers are thermoplastic resins.

In the third aspect of the present invention, the descriptions

of [2-1. Dihydroxy Compound], [2-2. Carbonate Precursor],
[2-3. Method for Producing Polycarbonate Resin], and [2-4.
Other Matters regarding Polycarbonate Resin] in the first
aspect of the present invention can be applied to [2-1. Dihy-
droxy Compound], [2-2. Carbonate Precursor], [2-3. Method
for Producing Polycarbonate Resin], and [2-4. Other Matters
regarding Polycarbonate Resin] of the polycarbonate resin,
respectively.

[3. Fluoropolymer]

The thermoplastic resin composition according to the third
aspect of the present invention contains a fluoropolymer, for
the purpose of modifying the melt properties (for example,
anti-dripping properties during combustion) and surface
properties, such as sliding characteristics, abrasion resis-
tance, water repellency, o1l repellency, stain resistance, and
fingerprint resistance, of the thermoplastic resin.

The fluoropolymer used 1n the third aspect of the present
invention 1s particularly preferably a fluoroolefin resin.

The fluoroolefin resin 1s generally a polymer or copolymer
having a fluoroethylene structure. Specific examples thereof
include difluoroethylene resins, tetrafluoroethylene resins,
and tetrafluoroethylene/hexatluoropropylene copolymer res-
ins. Among these, tetrafluoroethylene resins are preferred.

In particular, the fluoropolymer is preferably a fluoropoly-
mer capable of forming fibrils, more specifically a fluoroole-
fin resin capable of forming fibrils. The fluoropolymer
capable of forming fibrils tends to markedly improve the
anti-dripping properties during combustion.

Examples of commercially available fluoroolefin resins
capable of forming fibrils include “Tetlon (registered trade-
mark) 6J” manufactured by DuPont-Mitsu1 Fluorochemicals
Co., Ltd. and “Polyflon (registered trademark) F201L” and
“Polyflon (registered trademark) F103” manufactured by
Daikin Industries, Ltd. Examples of commercially available
aqueous fluoroolefin resin dispersions include “Teflon (reg-
istered trademark) 30J” and “Teflon (registered trademark)
31-JR” manufactured by DuPont-Mitsu1 Fluorochemicals
Co., Ltd. and “Fluon (registered trademark) D-1" manufac-
tured by Daikin Industries, Ltd.

Organic-polymer-coated fluoroolefin resins may also be
suitably used as the fluoropolymer. The organic-polymer-
coated fluoroolefin resins can improve dispersibility and the
surface appearance of formed products and reduce surface
foreign substances. The organic-polymer-coated fluoroolefin
resins can be produced by known various methods, for
example, (1) a method 1n which an aqueous polytluoroethyl-
ene particle dispersion and an aqueous organic polymer par-
ticle dispersion are mixed and powdered by coagulation or
spray-drying, (2) a method 1n which monomers of the organic
polymer are polymerized in the presence of an aqueous poly-
fluoroethylene particle dispersion and the resultant polymer
1s powdered by coagulation or spray-drying, and (3) a method
in which monomers having an ethylenically unsaturated bond
are subjected to emulsion polymerization 1n a mixed disper-
s1on liquid of an aqueous polytluoroethylene particle disper-
s1on and an aqueous organic polymer particle dispersion and
the resultant polymer 1s powdered by coagulation or spray-

drying.
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The organic polymer coating the fluoroolefin resin 1s not
particularly limited. Specific examples of monomers for use
in the production of the organic polymer include:

aromatic vinyl monomers, such as styrene, a.-methylsty-
rene, p-methylstyrene, o-methylstyrene, tert-butylstyrene,
o-ethylstyrene, p-chlorostyrene, o-chlorostyrene, 2,4-dichlo-
rostyrene, p-methoxystyrene, o-methoxystyrene, and 2.4-
dimethylstyrene;

(meth)acrylate monomers, such as methyl acrylate, methyl
methacrylate, ethyl acrylate, ethyl methacrylate, butyl acry-
late, butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, dodecyl acrylate, dodecyl methacrylate, tride-
cyl acrylate, tridecyl methacrylate, octadecyl acrylate, octa-
decyl methacrylate, cyclohexyl acrylate, and cyclohexyl
methacrylate;

vinyl cyanide monomers, such as acrylonitrile and meth-
acrylonitrile;

o, -unsaturated carboxylic acids, such as maleic anhy-
dride;

maleimide monomers, such as N-phenylmaleimide, N-me-
thylmaleimide, and N-cyclohexylmaleimide;

monomers containing a glycidyl group, such as glycidyl
methacrylate;

vinyl ether monomers, such as vinyl methyl ether and vinyl
cthyl ether;

vinyl carboxylate monomers, such as vinyl acetate and
vinyl butyrate;

olefin monomers, such as ethylene, propylene, and 1sobu-
tylene; and

diene monomers, such as butadiene, 1soprene, and dimeth-
ylbutadiene.

These monomers may be used alone or 1n combination.

Among these, in the case where the thermoplastic resin is a
polycarbonate resin, the monomers for producing the organic
polymer coating the fluoroolefin resin are preferably mono-
mers having a high aflinity for polycarbonate resins 1n terms
of dispersibility of the monomers 1n polycarbonate resins.
Aromatic vinyl monomers, (meth)acrylate monomers, and
vinyl cyanide monomers are more preferred.

The content ratio of the fluoroolefin resin 1n the organic-
polymer-coated fluoroolefin resin 1s generally 30% by mass
or more, preferably 35% by mass or more, more preferably
40% by mass or more, and particularly preferably 45% by
mass or more and generally 95% by mass or less, preferably
90% by mass or less, more preferably 80% by mass or less,
and particularly preferably 75% by mass or less. When the
content ratio of the fluoroolefin resin 1n the organic-polymer-
coated fluoroolefin resin 1s within the above-described range,
a good balance between flame resistance and appearance of
tformed products tends to be favorably achieved.

Examples of commercially available organic-polymer-
coated fluoroolefin resins include “Metablen (registered
trademark) A-3800” manufactured by MITSUBISHI
RAYON Co., Ltd., “Blendex (registered trademark) 449~
manufactured by GE Specialty Chemicals Inc., and “Poly TS
ADOO01” manufactured by PIC.

The fluoropolymers may be contained alone, or two or
more of the fluoropolymers may be contained at any ratio.

The content of the fluoropolymer 1n the thermoplastic resin
composition according to the third aspect of the present
inventionis generally 0.001 parts by mass or more, preferably
0.005 parts by mass or more, more preferably 0.01 parts by
mass or more, and particularly preferably 0.02 parts by mass
or more and generally 3 parts by mass or less, preferably 2
parts by mass or less, more preferably 1 part by mass or less,
and particularly preferably 0.5 parts by mass or less relative to
100 parts by mass of the thermoplastic resin. A fluoropolymer
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content less than or equal to the lower limit may result 1n an
insuificient effect supposed to be produced by the blend of the
fluoropolymer. A fluoropolymer content more than the upper
limit may result 1n poor appearance, low mechanical strength,
or significantly low transmittance 1n a near-inirared region or
transparency ol formed products obtained by shaping the
thermoplastic resin composition.

[4. Polycarbosilane Compound]

The thermoplastic resin composition according to the third
aspect of the present mvention contains a polycarbosilane
compound serving as a fluoropolymer dispersant, that 1s, a
s1licon compound having a silicon-carbon bond in the main
chain. In accordance with the third aspect of the present
invention, the polycarbosilane compound improves the com-
patibility and dispersibility of the fluoropolymer 1n the ther-
moplastic resin composition according to the third aspect of
the present invention, light transmittance, particularly trans-
mittance of near-infrared light, and flame resistance, thereby
suppressing poor appearance and strength reduction.

This 1s because the polycarbosilane compound having a
silicon-carbon bond in the main chain contains an organic
moiety (organic residue) in the main chain and have more
organic characteristics and can therefore effectively improve
the compatibility and dispersibility of the fluoropolymer in
thermoplastic resins.

A polycarbosilane compound according to the third aspect
ol the present invention may contain a bond between a silicon
atom and an atom other than carbon 1n the main chain without
departing from the object of the third aspect of the present
invention. Examples of such a bond include a silicon-silicon
(S1—S1) bond, a silicon-oxygen (S1—O) bond, a silicon-
nitrogen (S1—N) bond, a silicon-boron (S1—B) bond, a sili-
con-phosphorus (S1—P) bond, and a silicon-titanium (S1—
T1) bond. Such a bond may be introduced from components,
such as raw materials and catalysts, or may be unintentionally
introduced by oxidation or other actions during the produc-
tion ol silicon compounds substantially having a silicon-
carbon bond alone.

A polycarbosilane compound used in the third aspect of the
present imvention 1s the same as the polycarbosilane com-
pound used 1n the first aspect of the present invention. Thus,
the description of [3. Polycarbosilane Compound] in I. First
Aspect of the Present Invention can be applied.

The content of the polycarbosilane compound in the ther-
moplastic resin composition according to the third aspect of
the present invention 1s preferably 0.005 parts by mass or
more, more preferably 0.01 parts by mass or more, still more
preferably 0.02 parts by mass or more, particularly preferably
0.05 parts by mass or more, and most preferably 0.75 parts by
mass or more and preferably 10 parts by mass or less, more
preferably 7.5 parts by mass or less, still more preferably 3
parts by mass or less, and particularly preferably 1.75 parts by
mass or less relative to 100 parts by mass of the thermoplastic
resin. An excessively low content of polycarbosilane com-
pound may result 1n nsufficient effects of improving the
compatibility and dispersibility of the fluoropolymer 1n ther-
moplastic resins. On the other hand, at an excessively high
content of polycarbosilane compound, 1ts effect may be lev-
cled off and thus 1ts use may be uneconomical, and the ther-
moplastic resin composition may have low mechanical
strength.

The polycarbosilane compound according to the third
aspect of the present invention may be used alone or 1n com-
bination.

[5. Flame Retardant]

The thermoplastic resin composition according to the third

aspect of the present mvention may further contain a flame
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retardant, and the combination of the flame retardant with the
fluoropolymer can provide significantly high flame resis-
tance.

Any known flame retardant may be suitably selected.
Examples of such a flame retardant include a halogen-based
flame retardant, a phosphorus-based flame retardant, a nitro-
gen-based tlame retardant, a boron-based tlame retardant, a
metal salt-based flame retardant, a silicone-based flame retar-
dant, and an inorganic compound-based flame retardant.
Among these, a metal salt-based flame retardant (hereinafter
sometimes referred to as “metal salt compound™) can be
preferably used because 1t does not easily cause a reduction in
the light transmittance, particularly transmittance of near-
inirared light, and mechanical properties of the thermoplastic
resin composition and produces less eflects on environment
and human bodies. The combination of the metal salt com-
pound with the thermoplastic resin that can be suitably used in
the third aspect of the present invention can effectively pro-
vide flame resistance.

Examples of the metal of the metal salt compound include
alkal1 metals, such as lithitum (L1), sodium (Na), potassium
(K), rubidium (Rb), and cesium (Cs); alkaline-earth metals,
such as magnesium (Mg), calcium (Ca), strontium (Sr), and
bartum (Ba); and aluminum (Al), titanium ('11), iron (Fe),
cobalt (Co), mickel (N1), copper (Cu), zinc (Zn), zirconium
(Zr), and molybdenum (Mo). Among these, alkali metals and
alkaline-ecarth metals are preferred.

This 1s because they can promote the formation of a car-
bonmized layer during the combustion of the thermoplastic
resin composition according to the third aspect of the present
invention, thereby improving flame resistance, and can main-
tain excellent mechanical properties, such as 1mpact resis-
tance, heat resistance, and electrical characteristics of the
polycarbonate resin. Thus, the metal salt compound 1s more
preferably at least one metal salt compound selected from the
group consisting of alkali metal salts and alkaline-earth metal
salts, still more preferably an alkali metal salt compound, and
particularly preferably a sodium salt compound, a potassium
salt compound, or a cesium salt compound.

Examples of the metal salt compound include organic
metal salt compounds and inorganic metal salt compounds. In
terms of dispersibility in thermoplastic resins, organic metal
salt compounds are preferred.

The description of [3. Metal Salt Compound] 1n II. Second
Aspect of the Present Invention can be applied to the metal
salt compound used 1n the third aspect of the present inven-
tion.

The content of the flame retardant in the thermoplastic
resin composition according to the third aspect of the present
invention 1s preferably 0.001 parts by mass or more, more
preferably 0.02 parts by mass or more, and still more prefer-
ably 0.05 parts by mass or more and preferably 30 parts by
mass or less, more preferably 20 parts by mass or less, and
still more preferably 10 parts by mass or less relative to 100
parts by mass of the thermoplastic resin.

In the case that the flame retardant in the thermoplastic
resin composition according to the third aspect of the present
invention 1s the metal salt compound described above, the
content of the flame retardant i1s preferably 0.001 parts by
mass or more, more preferably 0.02 parts by mass or more,
still more preferably 0.03 parts by mass or more, and particu-
larly preferably 0.05 parts by mass or more and preferably 30
parts by mass or less, more preferably 20 parts by mass or
less, still more preferably 10 parts by mass or less, and par-
ticularly preferably 1 part by mass or less.

An excessively low content of metal salt compound has
isuificient effects, of improving the flame resistance of the
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thermoplastic resin composition, supposed to be produced by
the blend thereof. On the other hand, an excessively high
content of metal salt compound may result inreduced thermal
stability of the thermoplastic resin composition and poor
appearance and low mechanical strength of a formed product.
[6. Other Components]

The thermoplastic resin composition according to the third
aspect of the present invention may optionally contain various
resin additive agents as components other than those
described above, provided that desired physical properties are
not significantly deteriorated.

Examples of the resin additive agents include a heat stabi-
lizer, an antioxidant, a mold-release agent, an ultraviolet
absorber, a dye or pigment, a fibrous reinforcement, an optical
function regulator, a flame retardant, an antistatic agent, an
anti-fogging agent, a lubricant, an anti-blocking agent, a flow
modifier, a sliding modifier, a plasticizer, a dispersant, and an
antimicrobial agent. The resin additive agents may be con-
tained alone, or two or more of the resin additive agents may
be contained at any ratio.

The descriptions of Heat Stabilizer, Antioxidant, Mold-
Release Agent, Ultraviolet Absorber, and Dye or Pigment 1n
<Resin Additive Agents> that may be contained in the poly-
carbonate resin composition according to I. First Aspect of
the Present Invention can be applied to resin additive agents
Heat Stabilizer, Antioxidant, Mold-Release Agent, Ultravio-
let Absorber, and Dye or Pigment, respectively, suitable for
the thermoplastic resin composition according to the third
aspect of the present invention. Their amounts to be blended
may be determined by replacing the polycarbonate resin in
the polycarbonate resin composition with the thermoplastic
resin 1n the thermoplastic resin composition.

[Fibrous Reinforcement]

Examples of the fibrous reinforcement include glass fibers,
carbon fibers, various metal fibers, and whiskers, which are
used as reinforcements for thermoplastic resins, and glass
fibers or carbon fibers are preferably used.

The blend of the fibrous reinforcement with the thermo-
plastic resin composition according to the third aspect of the
present invention provides a resin composition that achieves
a formed product having high mechanical strength required
for electrical and electronic devices, OA equipment, and the
like.

A fibrous reinforcement having a large diameter has poor
flexibility and a fibrous reinforcement having a small diam-
cter of less than 1 um 1s not easily available. Therefore, the
average diameter (average fiber diameter) of the fibrous rein-
forcement 1s generally 1 to 100 um and more preferably 2 to
50 um. In consideration of availability and efifects as a rein-
forcement, a fibrous reinforcement having an average diam-
cter of 3 to 30 um, particularly 5 to 20 um, 1s preferably used.

The length of the fibrous reinforcement 1s preferably 0.1
mm or more in terms of reinforcement effects. The upper limit
ol the length of the fibrous reinforcement 1s generally 20 mm.
A fibrous reinforcement having a length larger than the upper
limit 1s generally shortened due to breaking when a resin
composition 1s prepared by melt-kneading. A fibrous rein-
forcement having an average length of 0.3 to 5 mm 1s prefer-
ably used.

The fibrous reinforcement 1s generally used in the form of
a chopped strand obtained by chopping a bunch of fibers so as
to have a certain length. The blend of carbon fibers 1mparts
conductivity to resin compositions. If a resin composition
having high resistance 1s desired, glass fibers are used.

In the case where the fibrous reinforcement 1s blended with
the thermoplastic resin composition according to the third
aspect of the present ivention, the content of the fibrous




US 8,492,476 B2

S7

reinforcement 1n the thermoplastic resin composition 1s gen-
erally 5 to 100 parts by mass relative to 100 parts by mass of
the thermoplastic resin. A fibrous reinforcement content of
less than 5 parts by mass results 1n a small reinforcement
effect, and a fibrous reinforcement content of more than 100
parts by mass deteriorates the mechanical properties, such as
impact resistance, of the resin composition. The preferred
content of the fibrous reinforcement 1n the thermoplastic resin
composition of the present invention1s 10 to 70 parts by mass,
particularly 15 to 50 parts by mass, relative to 100 parts by
mass of the thermoplastic resin.

|Optical Function Regulator]

An optical function regulator improves the light-shielding
cifect, whiteness, and light reflection characteristics of a
formed product obtained from the thermoplastic resin com-
position according to the third aspect of the present invention.
Specifically, titanium oxide 1s used as the optical function
regulator.

The production method, crystal form, and average particle
s1ze o titantum oxide used in the third aspect of the present
invention are not particularly limited, but are preferably as
follows.

The production method of titantum oxide includes a sulfu-
ric acid method and a chlorine method. Since titanmium oxide
produced by the sulfuric acid method tends to be inierior in
terms of the whiteness of a composition containing the tita-
nium oxide, titanium oxide 1s suitably produced by the chlo-
rine method 1n order to effectively achieve the object provided
by blending an optical function regulator.

The crystal form of titanium oxide includes a rutile type
and an anatase type, and a rutile type crystal form 1s preferred
in terms of light resistance.

The average particle size of titanium oxide 1s generally 0.1
to 0.7 um and preferably 0.1 to 0.4 um. Titamium oxide having
an average particle size of less than 0.1 um produces a poor
light-shielding effect of formed products. Titamum oxide
having an average particle size of more than 0.7 um results in
a rough surface and reduced mechanical strength of formed
products. Herein, the average particle size of titantum oxide 1s
an average value of primary particle sizes measured using a
transmission electron microscope (TEM).

In the present invention, two or more titanium oxides hav-
ing different average particle sizes may be used 1n combina-
tion.

The titammum oxide used 1n the third aspect of the present
invention may be subjected to surface treatment.

An example of a surface-treating agent used herein 1s an
organosiloxane-based surface-treating agent. Before surface
treatment 1s performed with the organosiloxane-based sur-
face-treating agent, pretreatment 1s preferably performed
with an alumina-based surface-treating agent or a combina-
tion of an alumina-based surface-treating agent and a silica-
based surface-treating agent. Titanium oxide pretreated with
an alumina-based surface-treating agent and optionally a
silica-based surface-treating agent i1s subjected to surface
treatment with an organosiloxane-based surface-treating
agent to considerably improve the thermal stability and fur-
ther favorably improve the uniform dispersibility and the
stability of dispersion state 1n the thermoplastic resin compo-
s1tion.

An alumina hydrate 1s suitably used as the alumina-based
surface-treating agent. A silica hydrate 1s suitably used as the
s1lica-based surface-treating agent. Any pretreatment method
can be employed. The pretreatment 1s preferably performed
so that 1 to 15% by mass of alumina-based surface-treating
agent, such as alumina hydrate, and optionally silica-based
surface-treating agent, such as silica hydrate, are used with
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respect to titantum oxide. That 1s, 1n the case where the
pretreatment 1s performed with only an alumina-based sur-
face-treating agent, 1 to 15% by mass of alumina-based sur-
face-treating agent 1s preferably used with respect to the
titanium oxide additive agent. In the case where both an
alumina-based surface-treating agent and a silica-based sur-
face-treating agent are used, the total amount thereof 1s pret-
erably 1 to 15% by mass with respect to the titanium oxide
additive agent. Herein, 1n the case where both an alumina-
based surface-treating agent and a silica-based surface-treat-
ing agent are used, the amount of silica-based surface-treating
agent 1s preferably about 35 to 90% by mass relative to the
total amount of alumina-based surface-treating agent and
silica-based surface-treating agent.

A polyorganohydrogensiloxane compound 1s preferably
used as the organosiloxane-based surface-treating agent.

The method for surface-treating titantum oxide with the
organosiloxane-based surface-treating agent includes a wet
method and a dry method.

The wet method 1s a method 1n which pretreated titanium
oxide 1s added to a mixture solution of an organosiloxane-

based surface-treating agent and a solvent, stirring and des-
olvation are performed, and then heat treatment 1s performed
at 100 to 300° C. Examples of the dry method include a
method 1n which pretreated titanium oxide and an organosi-
loxane-based surface-treating agent are mixed using a Hen-
schel mixer or the like and a method 1n which an organic
solvent containing an organosiloxane-based surface-treating,
agent 1s sprayed onto pretreated titanium oxide and heat treat-
ment 1s performed at 100 to 300° C.

The degree of surface treatment of the pretreated titanium
oxide additive agent performed with the organosiloxane-
based surface-treating agent 1s not particularly limited. How-
ever, 1n consideration of the reflectivity of titanium oxide and
the moldability of a resin composition to be obtained, the
amount ol organosiloxane-based surface-treating agent is
generally 1 to 3% by mass with respect to titammum oxide.

In the case where titanium oxide serving as an optical
function regulator 1s used in the thermoplastic resin compo-
sition according to the third aspect of the present invention,
the blending amount 1s 3 to 30 parts by mass relative to 100
parts by mass of the thermoplastic resin. Titamum oxide
having a blending amount of less than 3 parts by mass causes
insuificient light-shielding eflects and reflection characteris-
tics of the resultant formed product. Titantum oxide having a
blending amount of more than 30 parts by mass causes mnsui-
ficient 1mpact resistance. The blending amount of titanium
oxide 1s preferably 3 to 25 parts by mass and more preferably
5 to 20 parts by mass relative to 100 parts by mass of the
thermoplastic resin. The mass of titanium oxide means the
total mass of titanium oxide and alumina-based, silica-based,
and organosiloxane-based surface-treating agents used for
surface-treating the titanium oxide.
|'7. Method for Producing Thermoplastic Resin Composition]

A method for producing the thermoplastic resin composi-
tion according to the third aspect of the present invention 1s
not particularly limited. Various known methods for produc-
ing thermoplastic resin compositions can be employed.

A specific example of the method 1s a method 1n which a
thermoplastic resin, a fluoropolymer, a polycarbosilane com-
pound serving as a fluoropolymer dispersant, and a flame
retardant and other components to be optionally blended are
mixed in advance, for example, 1n a mixer, such as a tumbler
or a Henschel mixer, and are melt-kneaded 1n a mixer, such as
a Banbury mixer, aroll, a Brabender, a single-screw extruder,
a twin-screw extruder, or a kneader.




US 8,492,476 B2

59

Alternatively, for example, the components are not mixed
in advance, or part of the components 1s mixed 1n advance,
and the components are supplied to an extruder with a feeder
and then melt-kneaded to produce the thermoplastic resin
composition according to the third aspect of the present
ivention.

Alternatively, for example, part ol the components 1s mixed
in advance and 1s supplied to and melt-kneaded 1n an extruder
to produce a resin composition as a masterbatch. This mas-
terbatch 1s again mixed with the other components and melt-
kneaded to produce the thermoplastic resin composition
according to the third aspect of the present invention.

When a component that 1s difficult to disperse 1s mixed, the
component that 1s difficult to disperse can be dissolved or
dispersed 1in advance 1n a solvent, such as water or an organic
solvent. The solution or dispersion liquid 1s kneaded with
other components and thus high dispersibility can be
achieved.

[8. Thermoplastic Resin Formed Product]

The thermoplastic resin composition according to the third
aspect of the present invention can generally be formed into
thermoplastic resin formed products having any shape. The
shape, design, color, and size of the formed products are not
particularly limited and may be appropnately determined in
accordance with each application of the formed products.

Examples of the formed products include components of
clectrical and electronic devices, OA equipment, information
terminals, mechanical parts, household electrical appliances,
vehicle parts, architectural members, various containers, rec-
reational equipment and miscellaneous articles, and 1llumi-
nators; and members for near-infrared laser welding, and
members for sensing devices, exemplified by various auto-
mobile sensing devices, such as face direction detection sys-
tems and rain sensors, various security systems, such as face
recognition systems, fingerprint recognition systems, and
veln recognition systems, and various information communi-
cation devices, such as remote controllers and infrared com-
munication devices, 1n automobile, electrical and electronic,
and other precision apparatus fields.

A method for manufacturing formed products 1s not par-
ticularly limited. Any common molding method for thermo-
plastic resin compositions can be employed. Examples of the
common molding method include an 1injection molding
method, an ultra-high-speed mjection molding method, an
injection compression molding method, a comnjection mold-
ing method, gas-assisted blow molding methods and the like,
molding methods using msulated metal dies, molding meth-
ods using rapid heating metal dies, a foam molding (including
supercritical flmd) method, an nsert molding method, an
IMC (1n-mold coating molding) molding method, an extru-
sion molding method, a sheet forming method, a thermoform-
ing method, a rotational molding method, a laminate molding
method, and a press forming method. A hot-runner molding,
method may also be used.

The thermoplastic resin formed product according to the
third aspect of the present invention obtained by shaping the
thermoplastic resin composition according to the third aspect
of the present mvention has melt properties of the thermo-
plastic resin and surface properties, such as sliding character-
istics, scratch resistance, water repellency, o1l repellency,
stain resistance, and fingerprint resistance, improved by the
blend of the fluoropolymer and furthermore has improved
flame resistance, without adversely affecting the excellent
intrinsic characteristics of thermoplastic resins. Thus, the
thermoplastic resin formed product can be used as a practical
tormed product 1n a wide variety of applications.
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IV. Fourth Aspect of the Present Invention
[1. Overview]

A polycarbonate resin composition according to the fourth
aspect of the present invention contains at least a polycarbon-
ate resin, a metal salt compound, and a polysilane. The poly-
carbonate resin composition according to the fourth aspect of
the present ivention may optionally contain other compo-
nents.
|2. Polycarbonate Resin]

There 1s no limitation on the type of polycarbonate resin
used 1n the polycarbonate resin composition according to the
forth aspect of the present invention. Polycarbonate resins
may be used alone, or two or more polycarbonate resins may
be combined with each other at any ratio.

Among these, the polycarbonate resin preferably contains
a predetermined percentage of a polycarbonate resin having a
structural viscosity mndex N within a predetermined range.

The polycarbonate resin 1n the fourth aspect of the present
ivention 1s a polymer having a basic structure having a
carbonate bond represented by the following formula (7).

(oo d)

In the formula (7), X' generally represents a hydrocarbon
group, and X' containing a heteroatom or a hetero bond for
imparting various characteristics may be used.

Polycarbonate resins can be classified into aromatic poly-
carbonate resins in which each carbon directly bonded to the
carbonate bond 1s aromatic carbon and aliphatic polycarbon-
ate resins 1 which each carbon directly bonded to the car-
bonate bond 1s aliphatic carbon. Both aromatic polycarbonate
resins and aliphatic polycarbonate resins may be used. Aro-
matic polycarbonate resins are preferred in terms of heat
resistance, mechanical properties, and electrical characteris-
tics.

The type of polycarbonate resin 1s not particularly limaited.
One example 1s a polycarbonate polymer produced through
the reaction between a dihydroxy compound and a carbonate
precursor. In addition to the dihydroxy compound and the
carbonate precursor, a polyhydroxy compound may be
involved 1n the reaction. Alternatively, carbon dioxide may be
used as the carbonate precursor to react with a cyclic ether.
The polycarbonate polymer may have a straight chain or a
branched chain. The polycarbonate polymer may be a
homopolymer composed of one repeating unit or a copolymer
composed of two or more repeating units. The copolymer
may be selected from various copolymerization forms, such
as a random copolymer and a block copolymer. In general,
such polycarbonate polymers are thermoplastic resins.

In the fourth aspect of the present invention, the descrip-
tions of [2-1. Dihydroxy Compound], [2-2. Carbonate Pre-
cursor], and [2-3. Method for Producing Polycarbonate
Resin] i I. First Aspect of the Present Invention can be
applied to [2-1. Dihydroxy Compound], [2-2. Carbonate Pre-
cursor], and [2-3. Method for Producing Polycarbonate
Resin] of the polycarbonate resin, respectively.

The polycarbonate resin 1n the fourth aspect of the present
invention preferably contains 20% by mass or more of aro-
matic polycarbonate resin having a structural viscosity index
N of 1.2 or more (predetermined N polycarbonate resin). The
descriptions of [2-4. Structural Viscosity Index of Polycar-
bonate Resin] and [2-5. Method for Producing Predetermined
N Polycarbonate Resin] in II. Second Aspect of the Present

(7)
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Invention can be applied to [2-4. Structural Viscosity Index of
Polycarbonate Resin] and [2-5. Method for Producing Prede-
termined N Polycarbonate Resin], respectively.

The description of [2-4. Other Matters regarding Polycar-
bonate Resin] in 1. First Aspect of the Present Invention can be
applied to [2-6. Other Matters regarding Polycarbonate
Resin] of the polycarbonate resin used in the fourth aspect of
the present invention.

[3. Metal Salt Compound]

The polycarbonate resin composition according to the
fourth aspect of the present mvention contains a metal salt
compound. The metal salt compound can improve the flame
resistance of the polycarbonate resin composition according,
to the fourth aspect of the present invention.

Alkali metals or alkaline-earth metals are preferred as met-
als of the metal salt compound. This 1s because they can
promote the formation of a carbomized layer during the com-
bustion of the polycarbonate resin composition according to
the fourth aspect of the present imvention, thereby further
improving flame resistance, and can maintain excellent
mechanical properties, such as impact resistance, heat resis-
tance, and electrical characteristics of the polycarbonate
resin. Thus, the metal salt compound 1s preferably at least one
metal salt compound selected from the group consisting of
alkali metal salts and alkaline-earth metal salts and more
preferably an alkali metal sallt.

Examples of the metal salt compound include organic
metal salt compounds and inorganic metal salt compounds. In
terms of dispersibility 1n polycarbonate resins, organic metal
salt compounds are preferred.

The description of [3. Metal Salt Compound] in II. Second
Aspect of the Present Invention can be applied to the metal
salt compound used 1n the fourth aspect of the present inven-
tion.

The content of metal salt compound 1n the polycarbonate
resin composition according to the fourth aspect of the
present mvention 1s 0.01 parts by mass or more, preferably
0.02 parts by mass or more, more preferably 0.03 parts by
mass or more, and particularly preferably 0.05 parts by mass
or more and 1 part by mass or less, preferably 0.75 parts by
mass or less, more preferably 0.5 parts by mass or less, and
particularly preferably 0.3 parts by mass or less relative to 100
parts by mass of the polycarbonate resin. An excessively low
content of metal salt compound may result in 1nsufficient
flame resistance of the resultant polycarbonate resin compo-
sition. On the other hand, an excessively high content of metal
salt compound may result in reduced thermal stability of the
polycarbonate resin and poor appearance and low mechanical
strength of a formed product.

[4. Polysilane]

The polycarbonate resin composition according to the
tourth aspect of the present invention contains a polysilane.
The polycarbonate resin composition containing the polysi-
lane can have high flowability. Furthermore, the combination
of the polysilane and the metal salt compound can signifi-
cantly improve the flame resistance of the polycarbonate resin
composition according to the fourth aspect of the present
invention. The detailed reason for the significant synergistic
cifect of improving flame resistance achieved by combining
the metal salt compound 1s unclear. However, this 1s probably
because the S1—=S1 bond of the polysilane 1s partially cleaved
due to the catalytic action of the metal salt compound at a
temperature during combustion and thus a composite of the
polycarbonate resin and the polysilane 1s efliciently formed.

Any polysilane may be used provided that the polysilane 1s
a polymer having a S1—=S1 bond. The polysilane may have a
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linear, branched, cyclic, or network structure, but generally
has at least one of the structural units represented by the
following formulae (1) to (3).

(1)

.—(o)—a

P!
[a—

3

-

70T

(2)

(3)

In the formulae (1) to (3), R', R*, and R’ each indepen-

dently represent a monovalent hydrocarbon group, a hydro-
gen atom, or a silyl group; a, b, and ¢ each independently
represent O or 1; and a plurality of R's, R®s, and R’s in the
main chain structure may each be the same or different.

Examples of such a polysilane include linear or cyclic
polysilanes having a structural unit represented by the for-
mula (1), branched or network polysilanes having a structural
umt represented by the formula (2) or (3), and polysilanes
having a combination of structural units represented by the
formulae (1) to (3), for example, a combination ofthe formula

(1) and the formula (2), the formula (1) and the formula (3),
the formula (2) and the formula (3), or the formulae (1) to (3).
Among these, linear polysilanes and cyclic polysilanes are
preferred because they tend to have excellent dispersibility in
polycarbonate resins. In particular, linear polysilanes are pre-
ferred because they tend to have high heat resistance. The

linear polysilanes may partially have a branched or network
structure.

Specifically, the linear polysilanes having the structural
unit represented by the formula (1) can be represented by the
following formula (4 A), and the cyclic polysilanes having the
structural unit represented by the formula (1) can be repre-
sented by the following formula (4B).

(4A)

R3! €07 Si
O
th

In the formula (4A), R', R, a, and b are as defined in the

formula (1); R*>" and R** each independently represent a
monovalent hydrocarbon group, a hydrogen atom, or a silyl
group; s and t each independently represent O or 1; w repre
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sents an integer of 3 or more; and a plurality of R's and R”s in
the main chain structure may each be the same or different.

Rl
£
O
<.
,l\

O
\n/
R* /

In the formula (4B), R', R, a, and b are as defined in the
tformula (1); x represents an integer of 4 to 12; and a plurality

of R's and R”s in the main chain structure may each be the
same or different.

In the formulae (1) to (3), (4A), and (4B), the groups R",
R”, and R’ represent at least one selected from monovalent
hydrocarbon groups, a hydrogen atom, and silyl groups.
Examples of the monovalent hydrocarbon groups include
alkyl groups, cycloalkyl groups, alkenyl groups, cycloalkenyl
groups, alkynyl groups, aryl groups, and aralkyl groups.
Among these, alkyl groups and aryl groups are preferred,
alkyl groups are more preferred, and a methyl group 1s still
more preferred. The substituents represented by R', R?, and
R” in all the repeating units may each be the same or different.

Examples of the alkyl groups include a methyl group, an
cthyl group, a propyl group, an 1sopropyl group, a butyl
group, a t-butyl group, a pentyl group, a hexyl group, an octyl
group, a decyl group, and a dodecyl group. In general, alkyl
groups having 1 to 12 carbon atoms are preferred. Among
these, alkyl groups having 1 to 6 carbon atoms, such as a
methyl group, an ethyl group, a propyl group, an 1sopropyl
group, a butyl group, a t-butyl group, a pentyl group, and a
hexyl group are preferred. A methyl group is particularly
preferred.

Examples of the cycloalkyl groups include cycloalkyl
groups having 5 to 14 carbon atoms, such as a cyclopentyl
group and a cyclohexyl group. Among these, cycloalkyl
groups having 5 to 8 carbon atoms are preferred.

Examples of the alkenyl groups include alkenyl groups
having 2 to 8 carbon atoms, such as a vinyl group and an allyl
group. Examples of the cycloalkenyl groups include
cycloalkenyl groups having 5 to 12 carbon atoms, such as a
cyclopentyl group and a cyclohexyl group.

Examples of the alkynyl groups include alkynyl groups
having 2 to 8 carbon atoms, such as an ethynyl group and a
propynyl group, and arylalkynyls, such as an ethynylbenzene
group.

Examples of the aryl groups include aryl groups having 6 to
20 carbon atoms, such as a phenyl group, a methylphenyl (or
tolyl) group, a dimethylphenyl (or xvlyl) group, and a naph-
thyl group. Among these, aryl groups having 6 to 10 carbon
atoms are preferred, and a phenyl group 1s particularly pre-
terred.

Examples of the aralkyl groups include aralkyl groups
having 6 to 20 carbon atoms, such as a benzyl group, a
phenethyl group, and a phenylpropyl group. Among these,
aralkyl groups having 6 to 10 carbon atoms are preferred, and
a benzyl group 1s particularly preferred.

Examples of the silyl groups 1include silyl groups having 1
to 10 silicon atoms, such as a silyl group, a disilanyl group,
and a trisilanyl group. Among these, silyl groups having 1 to
6 silicon atoms are preferred. At least one of hydrogen atoms
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of each of the silyl groups may be substituted with a func-
tional group, such as an alkyl group, an aryl group, or an
alkoxy group.

In the formulae (1), (4A), and (4B), substituents repre-
sented by R' and R* each independently preferably represent
an alkyl group or an aryl group and particularly preferably
represent a methyl group.

The degree of polymerization of the polysilane, that 1s, the
number of the structural units represented by the formulae (1)
to (3) 1n the polysilane 1s generally 2 or more, preferably 5 or
more, and more preferably 10 or more and generally 500 or
less, preferably 400 or less, and more preferably 300 or less.
A degree of polymerization of 1 or less means a polysilane
monomer, and therefore the heat resistance 1s significantly
deteriorated. In the form of a polycarbonate resin composi-
tion, such a polysilane 1s not preferred because 1t 1s easily
gasified (volatilized) and tends to cause mold fouling and
reduce mechanical properties and flame resistance. It 1s
extremely difficult to produce a polysilane having a degree of
polymerization of more than 3500 and the dispersibility of
such a polysilane in polycarbonate resins 1s extremely low,
and therefore such a polysilane 1s not preferred.

The degree of polymerization of the linear polysilane in the
formula (4A), that 1s, w 1s generally 3 or more, preferably 5 or
more, and more preferably 7 or more and generally 300 or
less, preferably 100 or less, more preferably 50 or less, and
more preferably 30 or less. This range 1s preferred for the
same reason as described above.

The degree of polymerization of the cyclic polysilane in the
formula (4B), that 1s, X 1s generally 4 or more and preferably
5> or more and generally 12 or less, preferably 10 or less, and
more preferably 8 or less. In particular, x 1s preferably about
5. A cyclic polysilane having an x of 3 or less 1s diflicult to
produce due to 1ts chemical structure. A cyclic polysilane
having an x of 13 or more 1s also ditficult to produce.

In the formulae (1) to (3), (4A), and (4B), a, b, ¢, s, and t
represent 0 or 1. When each of a, b, ¢, s, and t 1s 0, the
polysilane has an alkyl group, a cycloalkyl group, an alkenyl
group, a cycloalkenyl group, an alkynyl group, an aryl group,
an aralkyl group, a hydrogen atom, or a silyl group as an
organic functional group. When eachofa, b,c,s,and tis 1, the
polysilane has an alkoxy group, a cycloalkyloxy group, an
alkenyloxy group, a cycloalkenyloxy group, an alkynyloxy
group, an aryloxy group, an aralkyloxy group, or a hydroxyl
group as an organic functional group. Although each of a, b,
C, s, and t1s preferably O 1n terms of the heat resistance of the
polysilane, each of a, b, c, s, and t may intentionally be 1 to
improve an aifinity for resins or unintentionally be 1 by oxi-
dation or other actions.

In the case where the polysilane has an acyclic structure
(linear, branched, or network), the terminal substituent 1s
generally a hydrogen atom, a hydroxyl group, an alkyl group,
an alkoxy group, or a silyl group.

Examples of the polysilane include polydialkylsilanes,
such as polydimethylpolysilane, polymethylpropylsilane,
polymethylbutylsilane, polymethylpentylsilane, polydibu-
tylsilane, polydihexylsilane, and a dimethylsilane-methyl-
hexylsilane copolymer; polyalkylarylsilanes, such as polym-
cthylphenylsilane and a methylphenylsilane-
phenylhexylsilane copolymer; polydiarylsilanes, such as
polydiphenylsilane; and  dialkylsilane-alkylarylsilane
copolymers, such as a dimethylsilane-methylphenylsilane
copolymer, a dimethylsilane-phenylhexylsilane copolymer,
and a dimethylsilane-methylnaphthylsilane copolymer. The

details of such polysilanes are described 1n, for example, R.
D. Miller, J. Michl, Chemical Review, 89, 1359 (1989), and

N. Matsumoto, Japanese Journal of Physics, 37, 5425 (1998).
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The molecular weight of the polysilane 1s generally 300 or
more, preferably 400 or more, and more preferably 500 or
more and generally 200000 or less, preferably 100000 or less,
more preferably 50000 or less, and still more preferably
10000 or less, on a basis of number-average molecular
weight. A polysilane having a number-average molecular
weilght of less than 300 unfavorably has low heat resistance,
which may result 1n reduced flame resistance of the polycar-
bonate resin composition. A polysilane having a number-
average molecular weight of more than 200000 unfavorably
has extremely low dispersibility in and compatibility with
polycarbonate resins, which may result 1n reduced mechani-
cal properties and flame resistance.

Any known method may be appropriately used as a method
for producing the polysilane according to the fourth aspect of
the present mvention. Examples of the method include a
method 1n which a silicon-containing monomer having a
certain structural unit 1s prepared as a raw material, and deha-
logenation condensation polymerization 1s performed on
halosilanes using magnesium as a reducing agent (magne-
sium reduction method); a method in which dehalogenation
condensation polymerization 1s performed on halosilanes 1n
the presence of an alkali metal (capping method); a method in
which dehalogenation condensation polymerization 1s per-
formed on halosilanes by electrode reduction; a method 1n
which dehalogenation condensation polymerization 1s per-
formed on halosilanes by electrode reduction; a method 1n
which dehydrogenation condensation polymerization 1s per-
formed on hydrazines 1n the presence of a metal catalyst; a
method in which anionic polymerization 1s performed on
disilenes crosslinked with biphenyl or the like; and a method
in which ring-opening polymerization is performed on cyclic
silanes. Among these methods, the magnesium reduction
method 1s particularly preferred in consideration of ease of
control of the purity, molecular weight distribution, and con-
tent of impurities, such as sodium and chlorine, of the polysi-
lane to be produced and also 1n consideration of industrial
advantages 1n terms of production cost and safety. Water may
be added to the resultant polysilane to generate a silanol
group.

The content of the polysilane in the polycarbonate resin
composition according to the fourth aspect of the present
invention 1s 0.01 parts by mass or more, preferably 0.025
parts by mass or more, more preferably 0.05 parts by mass or
more, and particularly preferably 0.1 parts by mass or more
and 5 parts by mass or less, preferably 3 parts by mass or less,
more preferably 2.5 parts by mass or less, and particularly
preferably 1 part by mass or less relative to 100 parts by mass
of the polycarbonate resin. An excessively low content of
polysilane may result 1n msuificient flame resistance of the
resultant polycarbonate resin composition. On the other hand,
at an excessively high content of polysilane, 1ts effect may be
leveled off and thus its use may be uneconomical. In addition,
such an excessively high content of polysilane may result 1n
reduced thermal stability of the polycarbonate resin and poor
appearance and low mechanical strength of a formed product.
Polysilanes may be used alone or in combination.

[ 5. Other Components]

The polycarbonate resin composition according to the
tourth aspect of the present invention may optionally contain
components other than those described above provided that
desired physical properties are not significantly deteriorated.
Examples of the other components include resins other than
polycarbonate resins and various resin additive agents. The
other components may be contained alone, or two or more of
the other components may be contained at any ratio.
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The description of <Other Resins> that may be contained
in the polycarbonate resin composition according to 1. First
Aspect of the Present Invention can be applied to <Other
Resins> that may be contained in the polycarbonate resin
composition according to the fourth aspect of the present
invention.
<Resin Additive Agents>

Examples of the resin additive agents include a heat stabi-
lizer, an antioxidant, a mold-release agent, an ultraviolet
absorber, a dye or pigment, a flame retardant, an anti-dripping
agent, an antistatic agent, an anti-fogging agent, a lubricant,
an anti-blocking agent, a flow modifier, a sliding modifier, a
plasticizer, a dispersant, and an antimicrobial agent. The resin
additive agents may be contained alone, or two or more of the
resin additive agents may be contained at any ratio.

The descriptions of (Heat Stabilizer), (Antioxidant),
(Mold-Release Agent), (Ultraviolet Absorber), (Dye or Pig-
ment), and (Anti-Dripping Agent) of <Resin Additive
Agents> that may be contained in the polycarbonate resin
composition according to I. First Aspect of the Present Inven-
tion can be applied to exemplary resin additive agents (Heat
Stabilizer), (Antioxidant), (Mold-Release Agent), (Ultravio-
let Absorber), (Dye or Pigment), and (Anti1-Dripping Agent)
suitable for the polycarbonate resin composition according to
the fourth aspect of the present invention.
|6. Method for Producing Polycarbonate Resin Composition]

A method for producing the polycarbonate resin composi-
tion according to the fourth aspect of the present invention 1s
not particularly limited. Various known methods for produc-
ing polycarbonate resin compositions can be employed.

A specific example 1s a method 1n which the polycarbonate
resin according to the fourth aspect of the present invention, a
metal salt compound, a polysilane, and other components to
be optionally blended are mixed in advance, for example, 1n a
mixer, such as a tumbler or a Henschel mixer, and are melt-
kneaded 1n a mixer, such as a Banbury mixer, a roll, a Bra-
bender, a single-screw extruder, a twin-screw extruder, or a
kneader.

Alternatively, for example, the components are not mixed
in advance, or part of the components 1s mixed in advance,
and the components are supplied to an extruder with a feeder
and are melt-kneaded to produce the polycarbonate resin
composition according to the fourth aspect of the present
invention.

Alternatively, for example, part of the components 1s mixed
in advance and 1s supplied to and melt-kneaded in an extruder
to produce a resin composition as a masterbatch. This mas-
terbatch 1s again mixed with the other components and 1s
melt-kneaded to produce the polycarbonate resin composi-
tion according to the fourth aspect of the present invention.

When a component that 1s difficult to disperse 1s mixed, the
component that 1s difficult to disperse can be dissolved or
dispersed 1n advance 1n a solvent, such as water or an organic
solvent. The solution or dispersion liquid 1s kneaded with
other components and thus high dispersibility can be
achieved.

[7. Polycarbonate Resin Formed Product]

The polycarbonate resin composition according to the
fourth aspect of the present invention 1s generally formed into
polycarbonate resin formed products having any shape. The
shape, design, color, and size of the formed products are not
particularly limited and may be appropriately determined in
accordance with each application of the formed products.

Examples of the formed products include components of
clectrical and electronic devices, OA equipment, information
terminals, mechanical parts, household electrical appliances,
vehicle parts, architectural members, various containers, rec-
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reational equipment and miscellaneous articles, and 1llumi-
nators. Among these, the formed products are suitably used
for components of electrical and electronic devices, OA
equipment, mformation terminals, and household electrical
appliances and are particularly suitably used for components
ol electrical and electronic devices.

Examples of the electrical and electronic devices include
personal computers, game machines, display units, such as
television sets, printers, copying machines, scanners, fac-
similes, electronic notebooks and PDAs, electronic calcula-
tors, electronic dictionaries, cameras, video cameras, cellular
phones, battery packs, recording medium drives and readers,
mouses, numeric keypads, CD players, MD players, and por-
table radios and audio-players.

A method for manufacturing formed products 1s not par-
ticularly limited. Any common molding method for polycar-
bonate resin compositions can be employed. Examples of the
common molding method include an injection molding
method, an ultra-high-speed mjection molding method, an
injection compression molding method, a comnjection mold-
ing method, gas-assisted blow molding methods and the like,
molding methods using insulated metal dies, molding meth-
ods using rapid heating metal dies, foam molding (including
supercritical fluid), insert molding, an IMC (in-mold coating
molding) molding method, an extrusion molding method, a
sheet forming method, a thermoforming method, a rotational
molding method, a laminate molding method, and a press
forming method. A hot-runner molding method may also be
used.

As described above, the polycarbonate resin formed prod-
uct according to the fourth aspect of the present invention can
be used as a practical formed product having high scratch
resistance, without impairing excellent characteristics of
polycarbonate resins.

V. Fifth Aspect of the Present Invention
[1. Overview]

The polycarbonate resin composition according to the fifth
aspect of the present invention contains at least a polycarbon-
ate resin, a metal salt compound, a fluoropolymer, and a
polysilane. The polycarbonate resin composition according,
to the fifth aspect of the present mvention may optionally
contain other components.

[2. Polycarbonate Resin]

There 1s no limitation on the type of polycarbonate resin
used in the polycarbonate resin composition according to the
fifth aspect of the present mvention. Polycarbonate resins
may be used alone, or two or more polycarbonate resins may
be combined with each other at any ratio.

The polycarbonate resin 1n the fifth aspect of the present
invention 1s a polymer having a basic structure having a
carbonate bond represented by the following formula (7).

[
O0—X!'—0—C

In the formula (7), X' generally represents a hydrocarbon
group, and X' containing a heteroatom or a hetero bond for
imparting various characteristics may be used.

Polycarbonate resins can be classified imnto aromatic poly-
carbonate resins 1n which each carbon directly bonded to the
carbonate bond 1s aromatic carbon and aliphatic polycarbon-
ate resins 1 which each carbon directly bonded to the car-
bonate bond 1s aliphatic carbon. Both aromatic polycarbonate
resins and aliphatic polycarbonate resins may be used. Aro-

(7)
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matic polycarbonate resins are preferred 1n terms of heat
resistance, mechanical properties, and electrical characteris-
tics.

The type of polycarbonate resin 1s not particularly limaited.

One example 1s a polycarbonate polymer produced through
the reaction between a dihydroxy compound and a carbonate
precursor. In addition to the dihydroxy compound and the
carbonate precursor, a polyhydroxy compound may be
involved 1n the reaction. Alternatively, carbon dioxide may be
used as the carbonate precursor to react with a cyclic ether.
The polycarbonate polymer may have a straight chain or a
branched chain. The polycarbonate polymer may be a
homopolymer composed of one repeating unit or a copolymer
composed of two or more repeating units. The copolymer
may be selected from various copolymerization forms, such
as a random copolymer and a block copolymer. In general,
such polycarbonate polymers are thermoplastic resins.
In the fifth aspect of the present invention, the descriptions
of [2-1. Dihydroxy Compound], [2-2. Carbonate Precursor],
and [2-3. Method for Producing Polycarbonate Resin] 1n 1.
First Aspect of the Present Invention can be applied to [2-1.
Dihydroxy Compound], [2-2. Carbonate Precursor], and
[2-3. Method for Producing Polycarbonate Resin] of the poly-
carbonate resin, respectively.

The polycarbonate resin 1n the fifth aspect of the present
invention may be a polycarbonate resin having a branched
structure. A polycarbonate resin having a branched structure
(hereinafter sometimes referred to as a “branched polycar-
bonate resin”) can be contained 1n order to suppress the drip-
ping during the combustion of the polycarbonate resin com-
position according to the fifth aspect of the present invention
and 1mprove the flame resistance.

The description of the method for producing a branched
polycarbonate resin 1 [2-5. Method for Producing Predeter-
mined N Polycarbonate Resin| 1n II. Second Aspect of the
Present Invention can be applied to a method for producing a
branched polycarbonate resin.

The description of [2-4. Other Matters regarding Polycar-
bonate Resin] in I. First Aspect of the Present Invention can be
applied to [2-4. Other Matters regarding Polycarbonate
Resin] of the polycarbonate resin used 1n the fifth aspect of the
present invention.

[3. Metal Salt Compound]

The polycarbonate resin composition according to the fifth
aspect of the present invention contains a metal salt com-
pound. The metal salt compound can improve the flame resis-
tance of the polycarbonate resin composition according to the
fifth aspect of the present invention.

Examples of the metal of the metal salt compound include
alkal1 metals, such as lithium (LL1), sodium (Na), potassium
(K), rubidium (Rb), and cesium (Cs); alkaline-earth metals,
such as magnesium (Mg), calcium (Ca), strontium (Sr), and
bartum (Ba); and aluminum (Al), titanium ('11), iron (Fe),
cobalt (Co), nickel (N1), copper (Cu), zinc (Zn), zirconium
(Zr), and molybdenum (Mo). Among these, alkali metals and
alkaline-earth metals are preferred. This 1s because they can
promote the formation of a carbonized layer during the com-
bustion of the polycarbonate resin composition according to
the fifth aspect of the present invention, thereby improving
flame resistance, and can maintain excellent mechanical
properties, such as impact resistance, heat resistance, and
clectrical characteristics of the polycarbonate resin. Thus, the
metal salt compound 1s more preferably at least one metal salt
compound selected from the group consisting of alkali metal
salts and alkaline-earth metal salts, still more preferably an
alkal1 metal salt, and particularly preferably sodium, potas-
sium, Or cesium.
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Examples of the metal salt compound include organic
metal salt compounds and inorganic metal salt compounds. In
terms of dispersibility 1in polycarbonate resins, organic metal
salt compounds are preferred.

The description of [3. Metal Salt Compound] in II. Second
Aspect of the Present Invention can be applied to the metal
salt compound used 1n the fifth aspect of the present inven-
tion.

The content of the metal salt compound 1n the polycarbon-
ate resin composition according to the fifth aspect of the
present invention 1s 0.001 parts by mass or more, preferably
0.005 parts by mass or more, more preferably 0.01 parts by
mass or more, and particularly preferably 0.05 parts by mass
or more and 1 part by mass or less, preferably 0.75 parts by
mass or less, more preferably 0.5 parts by mass or less, and
particularly preferably 0.3 parts by mass or less relative to 100
parts by mass of the polycarbonate resin. An excessively low
content of metal salt compound may result in 1nsufficient
flame resistance of the resultant polycarbonate resin compo-
sition. On the other hand, an excessively high content of metal
salt compound may result in reduced thermal stability of the
polycarbonate resin and poor appearance and low mechanical
strength of a formed product.

[4. Fluoropolymer]

There 1s no limitation on the type of fluoropolymer used in
the polycarbonate resin composition according to the fifth
aspect of the present invention. Fluoropolymers may be used
alone, or two or more fluoropolymers may be combined with
cach other at any ratio.

The description of [3. Fluoropolymer] 1n I1I. Third Aspect
of the Present Invention can be applied to the fluoropolymer
used 1n the fifth aspect of the present invention.

In the fifth aspect of the present invention, the content of
the fluoropolymer 1s generally 0.001 parts by mass or more,
preferably 0.005 parts by mass or more, more preferably 0.01
parts by mass or more, and particularly preferably 0.05 parts
by mass or more and generally 1 part by mass or less, pret-
erably 0.7 parts by mass or less, and more preferably 0.5 parts
by mass or less relative to 100 parts by mass of the polycar-
bonate resin. A fluoropolymer content less than or equal to the
lower limit may result in msuificient flame resistant etifects
produced by the fluoropolymer. A fluoropolymer content
more than the upper limit may result 1n poor appearance and
low mechanical strength of formed products obtained by
shaping the polycarbonate resin composition.

[ 5. Polysilane]

The polycarbonate resin composition according to the fifth
aspect of the present mvention contains a polysilane. The
simultaneous inclusion of the polysilane and the metal salt
compound can markedly improve the flame resistance of the
polycarbonate resin composition according to the fifth aspect
of the present mvention. The detailed reason for the signifi-
cant synergistic effect of improving flame resistance achieved
by combiming the metal salt compound 1s unclear. However,
this 1s probably because the S1—=S1 bond of the polysilane 1s
partially cleaved due to the catalytic action of the metal salt
compound at a temperature during combustion and thus a
composite of the polycarbonate resin and the polysilane 1s
cificiently formed to form a crosslinked structure, which
results 1n an improvement in anti-dripping properties during
combustion.

The description of [4. Polysilane] 1n IV. Fourth Aspect of
the Present Invention can be applied to the polysilane used in
the fifth aspect of the present invention.

The content of the polysilane in the polycarbonate resin
composition according to the fifth aspect ol the present inven-
tion 1s 0.01 parts by mass or more, preferably 0.015 parts by
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mass or more, and more preferably 0.02 parts by mass or more
and 2 parts by mass or less, preferably 1.5 parts by mass or
less, and more preferably 1 part by mass or less relative to 100
parts by mass of the polycarbonate resin. An excessively low
content of polysilane may result 1n insuificient flame resis-
tance of the resultant polycarbonate resin composition. On
the other hand, an excessively high content of polysilane may
result 1n reduced tlame resistance or mechanical strength of
the polycarbonate resin. Polysilanes may be used alone or in
combination.

[6. Other Components]

The polycarbonate resin composition according to the fifth
aspect of the present invention may optionally contain com-
ponents other than those described above provided that
desired physical properties are not significantly deteriorated.
Examples of the other components include resins other than
polycarbonate resins and various resin additive agents. The
other components may be contained alone, or two or more of
the other components may be contained at any ratio.

The description of <Other Resins> that may be contained
in the polycarbonate resin composition according to I. First
Aspect of the Present Invention can be applied to <Other
Resins> that may be contained in the polycarbonate resin
composition according to the fifth aspect ol the present inven-
tion.
<Resin Additive Agents™>

Examples of the resin additive agents include a heat stabi-
lizer, an antioxidant, a mold-release agent, an ultraviolet
absorber, a dye or pigment, a fibrous reinforcement, an optical
function regulator, a flame retardant, an anti-dripping agent,
an anfistatic agent, an anti-fogging agent, a lubricant, an
anti-blocking agent, a tlow modifier, a sliding modifier, a
plasticizer, a dispersant, and an antimicrobial agent. The resin
additive agents may be contained alone, or two or more of the
resin additive agents may be contained at any ratio.

The descriptions of Heat Stabilizer, Antioxidant, Mold-
Release Agent, Ultraviolet Absorber, and Dye or Pigment of
<Resin Additive Agents> that may be contained in the poly-
carbonate resin composition according to I. First Aspect of
the Present Invention can be applied to exemplary resin addi-
tive agents Heat Stabilizer, Antioxidant, Mold-Release
Agent, Ultraviolet Absorber, and Dye or Pigment suitable for
the polycarbonate resin composition according to the fifth
aspect of the present invention, respectively.

Regarding Fibrous Reinforcement and Optical Function
Regulator, the descriptions of Fibrous Reinforcement and
Optical Function Regulator of <Resin Additive Agents> that
may be contained in the thermoplastic resin composition
according to III. Third Aspect of the Present Invention can be
applied respectively. Their amounts to be blended may be
determined by replacing the thermoplastic resin in the ther-
moplastic resin composition with the polycarbonate resin in
the polycarbonate resin composition.
|'7. Method for Producing Polycarbonate Resin Composition]

A method for producing the polycarbonate resin composi-
tion according to the fifth aspect of the present invention 1s not
particularly limited. Various known methods for producing
polycarbonate resin compositions can be employed.

A specific example 1s a method 1n which the polycarbonate
resin according to the fifth aspect of the present invention, a
metal salt compound, a fluoropolymer, a polysilane, and other
components to be optionally blended are mixed 1n advance,
for example, 1n a mixer, such as a tumbler or a Henschel
mixer, and are melt-kneaded 1n a mixer, such as a Banbury
mixer, a roll, a Brabender, a single-screw extruder, a twin-
screw extruder, or a kneader.
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Alternatively, for example, the components are not mixed
in advance, or part of the components 1s mixed in advance,
and the components are supplied to an extruder with a feeder
and are melt-kneaded to produce the polycarbonate resin
composition according to the fifth aspect ol the present inven-
tion.

Alternatively, for example, part ol the components 1s mixed
in advance and 1s supplied to and melt-kneaded in an extruder
to produce a resin composition as a masterbatch. This mas-
terbatch 1s again mixed with the other components and 1s
melt-kneaded to produce the polycarbonate resin composi-
tion according to the fifth aspect of the present invention.

When a component that 1s difficult to disperse 1s mixed, the
component that 1s difficult to disperse can be dissolved or
dispersed 1n advance 1n a solvent, such as water or an organic
solvent. The solution or dispersion liquid 1s kneaded with
other components and thus high dispersibility can be
achieved.

[8. Polycarbonate Resin Formed Product]

The polycarbonate resin composition according to the fifth
aspect of the present invention 1s generally formed into poly-
carbonate resin formed products having any shape. The
shape, design, color, and size of the formed products are not
particularly limited and may be appropnately determined in
accordance with each application of the formed products.

Examples of the formed products include components of
clectrical and electronic devices, OA equipment, information
terminals, mechanical parts, household electrical appliances,
vehicle parts, architectural members, various containers, rec-
reational equipment and miscellaneous articles, and 1llumi-
nators. Among these, the formed products are suitably used
for components of electrical and electronic devices, OA
equipment, information terminals, household electrical
appliances, and illuminators and are particularly suitably
used for components of electrical and electronic devices.

Examples of the electrical and electronic devices include
personal computers, game machines, display units, such as
television sets, printers, copying machines, scanners, fac-
similes, electronic notebooks and PDAs, electronic calcula-
tors, electronic dictionaries, cameras, video cameras, cellular
phones, battery packs, recording medium drives and readers,
mouses, numeric keypads, CD players, MD players, and por-
table radios and audio-players.

A method for manufacturing formed products 1s not par-
ticularly limited. Any common molding method for polycar-
bonate resin compositions can be employed. Examples of the
common molding method include an injection molding
method, an ultra-high-speed mjection molding method, an
injection compression molding method, a comnjection mold-
ing method, gas-assisted blow molding methods and the like,
molding methods using msulated metal dies, molding meth-
ods using rapid heating metal dies, foam molding (including
supercritical fluid), insert molding, an IMC (in-mold coating
molding) molding method, an extrusion molding method, a
sheet forming method, a thermoforming method, a rotational
molding method, a laminate molding method, and a press
forming method. A hot-runner molding method may also be
used.

As described above, the polycarbonate resin formed prod-
uct according to the fifth aspect of the present invention can be
used as a practical formed product having high flame resis-
tance and excellent mechanical properties, without impairing,
excellent characteristics of polycarbonate resins.

V1. Sixth Aspect of the Present Invention
[1. Overview]

A polycarbonate resin composition according to a sixth

aspect of the present invention contains at least a polycarbon-
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ate resin, a metal salt compound, and a polysilane having an
aryl group. The polycarbonate resin composition according to
the sixth aspect of the present mnvention may optionally con-
tain other components.

[2. Polycarbonate Resin]

There 1s no limitation on the type of polycarbonate resin
used 1n the polycarbonate resin composition according to the
sixth aspect of the present invention. Polycarbonate resins
may be used alone, or two or more polycarbonate resins may
be combined with each other at any ratio.

The polycarbonate resin 1n the sixth aspect of the present
invention 1s a polymer having a basic structure having a
carbonate bond represented by the following formula (7).

[l

In the formula (7), X' generally represents a hydrocarbon
group, and X' containing a heteroatom or a hetero bond for
imparting various characteristics may be used.

Polycarbonate resins can be classified into aromatic poly-
carbonate resins 1n which each carbon directly bonded to the
carbonate bond 1s aromatic carbon and aliphatic polycarbon-
ate resins 1 which each carbon directly bonded to the car-
bonate bond 1s aliphatic carbon. Both aromatic polycarbonate
resins and aliphatic polycarbonate resins may be used. Aro-
matic polycarbonate resins are preferred in terms of heat
resistance, mechanical properties, and electrical characteris-
tics.

The type of polycarbonate resin 1s not particularly limited.

One example 1s a polycarbonate polymer produced through
the reaction between a dihydroxy compound and a carbonate
precursor. In addition to the dihydroxy compound and the
carbonate precursor, a polyhydroxy compound may be
involved 1n the reaction. Alternatively, carbon dioxide may be
used as the carbonate precursor to react with a cyclic ether.
The polycarbonate polymer may have a straight chain or a
branched chain. The polycarbonate polymer may be a
homopolymer composed of one repeating unit or a copolymer
composed of two or more repeating units. The copolymer
may be selected from various copolymerization forms, such
as a random copolymer and a block copolymer. In general,
such polycarbonate polymers are thermoplastic resins.
In the sixth aspect of the present invention, the descriptions
of [2-1. Dihydroxy Compound], [2-2. Carbonate Precursor],
and [2-3. Method for Producing Polycarbonate Resin] 1n 1.
First Aspect of the Present Invention can be applied to [2-1.
Dihydroxy Compound], [2-2. Carbonate Precursor], and
[2-3. Method for Producing Polycarbonate Resin] of the poly-
carbonate resin, respectively.

The polycarbonate resin 1n the sixth aspect of the present
invention preferably contains 20% by mass or more of aro-
matic polycarbonate resin having a structural viscosity index
N of 1.2 or more (predetermined N polycarbonate resin). The
descriptions of [2-4. Structural Viscosity Index of Polycar-
bonate Resin] and [2-3. Method for Producing Predetermined
N Polycarbonate Resin] in II. Second Aspect of the Present
Invention can be applied to [ 2-4. Structural Viscosity Index of
Polycarbonate Resin] and [2-5. Method for Producing Prede-
termined N Polycarbonate Resin], respectively.

The description of [2-4. Other Matters regarding Polycar-
bonate Resin] in I. First Aspect of the Present Invention can be

(7)
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applied to [2-6. Other Matters regarding Polycarbonate
Resin] of the polycarbonate resin used in the sixth aspect of
the present invention.

[3. Metal Salt Compound]

The polycarbonate resin composition according to the
sixth aspect of the present invention contains a metal salt
compound. The metal salt compound can improve the flame
resistance of the polycarbonate resin composition according,
to the sixth aspect of the present mnvention.

The type of metal of the metal salt compound 1s preferably
an alkali metal or an alkaline-earth metal. This 1s because they
can promote the formation of a carbonized layer during the
combustion of the polycarbonate resin composition accord-
ing to the sixth aspect of the present invention, thereby
improving flame resistance, and can maintain excellent
mechanical properties, such as impact resistance, heat resis-
tance, and electrical characteristics of the polycarbonate
resin. Thus, the metal salt compound 1s preferably at least one
metal salt compound selected from the group consisting of
alkali metal salts and alkaline-earth metal salts and more
preferably an alkali metal salt.

Examples of the metal salt compound include organic
metal salt compounds and inorganic metal salt compounds. In
terms of dispersibility 1n polycarbonate resins, organic metal
salt compounds are preferred.

The description of [3. Metal Salt Compound] 1n II. Second
Aspect of the Present Invention can be applied to the metal
salt compound used 1n the sixth aspect of the present inven-
tion.

The content of the metal salt compound 1n the polycarbon-
ate resin composition according to the sixth aspect of the
present mvention 1s 0.01 parts by mass or more, preferably
0.02 parts by mass or more, more preferably 0.03 parts by
mass or more, and particularly preferably 0.05 parts by mass
or more and 1 part by mass or less, preferably 0.75 parts by
mass or less, more preferably 0.5 parts by mass or less, and
particularly preferably 0.3 parts by mass or less relative to 100
parts by mass of the polycarbonate resin. An excessively low
content of metal salt compound may result in 1nsufficient
flame resistance of the resultant polycarbonate resin compo-
sition. On the other hand, an excessively high content of metal
salt compound may result in reduced thermal stability of the
polycarbonate resin and poor appearance and low mechanical
strength of a formed product.

[4. Polysilane Having Aryl Group]

The polycarbonate resin composition according to the
sixth aspect of the present mvention contains a polysilane
having an aryl group. The simultaneous inclusion of the pol-
ysilane having an aryl group and the metal salt compound can
markedly improve the flame resistance of the polycarbonate
resin composition according to the sixth aspect of the present
invention. The detailed reason for the significant synergistic
elfect of improving flame resistance achieved by combining
the metal salt compound 1s unclear. However, this 1s probably
because the S1—=S1 bond of the polysilane 1s partially cleaved
due to the catalytic action of the metal salt compound at a
temperature during combustion and thus a composite of the
polycarbonate resin and the polysilane 1s efficiently formed.

When a polysilane has an aryl group, the heat resistance of
the polysilane 1tself 1s increased and the compatibility with
and dispersibility in polycarbonate resins are improved. Thus,
a polycarbonate resin composition having high transparency
and 1mpact resistance 1s believed to be obtained.

Any polysilane having an aryl group may be used provided
that the polysilane 1s a polymer having an aryl group 1n the
molecule as an essential substituent and a Si—=S1 bond. Such
a polysilane may have a linear, branched, cyclic, or network
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structure and generally has at least one of the structural units

represented by the following formulae (1) to (3).

(1)

.

!

(o}

P!
[a—

.

(2)

=y

3= mAor

(3)

In the formulae (1) to (3), R', R*, and R’ each indepen-

dently represent a monovalent hydrocarbon group, a hydro-
gen atom, or a silyl group; a, b, and ¢ each independently
represent 0 or 1; and a plurality of R's, R”s, and R°s in the
main chain structure may each be the same or different, pro-
vided that at least one of the R's, R*s, and R’s in the main

chain structure has an aryl group.

Examples of such apolysilane having an aryl group include
linear or cyclic polysilanes having an aryl group and a struc-
tural unit represented by the formula (1), branched or network
polysilanes having an aryl group and a structural unit repre-
sented by the formula (2) or (3), and polysilanes having an
aryl group and a combination of structural units represented
by the formulae (1) to (3), for example, a combination of the
formula (1) and the formula (2), the formula (1) and the
formula (3), the formula (2) and the formula (3), or the for-
mulae (1) to (3). Among these, linear polysilanes having an
aryl group and cyclic polysilanes having an aryl group are
preferred because they tend to have high dispersibility in
polycarbonate resins. In particular, cyclic polysilanes having
an aryl group are preferred because they tend to have high
dispersibility 1n polycarbonate resins.

Specifically, such a cyclic polysilane having an aryl group
and a structural umit represented by the formula (1) can also be
represented by the following formula (4B).

(4B)

O
\k/
R* /

In the formula (4B), R', R*, a, and b are as defined in the
formula (1); x represents an integer of 4 to 12; and a plurality
of R's and R”s in the main chain structure may each be the
same or different, provided that at least one of the plurality of
R's and R”s in the main chain structure has an aryl group.
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In the formulae (1) to (3) and (4B), the groups R', R*, and
R represent at least one selected from monovalent hydrocar-
bon groups, a hydrogen atom, and silyl groups. Examples of
the monovalent hydrocarbon groups include alkyl groups,
cycloalkyl groups, alkenyl groups, cycloalkenyl groups, alky-
nyl groups, aryl groups, and aralkyl groups. Among these,
alkyl groups and aryl groups are preferred, aryl groups are
more preferred, and a phenyl group 1s still more preferred.
The substituents represented by R', R*, and R’ in all the
repeating units may each be the same or difierent.

Examples of the alkyl groups include a methyl group, an
cthyl group, a propyl group, an 1sopropyl group, a butyl
group, a t-butyl group, a pentyl group, a hexyl group, an octyl
group, a decyl group, and a dodecyl group. In general, alkyl
groups having 1 to 12 carbon atoms are preferred. Among
these, alkyl groups having 1 to 6 carbon atoms, such as a
methyl group, an ethyl group, a propyl group, an 1sopropyl
group, a butyl group, a t-butyl group, a pentyl group, and a
hexyl group are preferred. A methyl group 1s particularly
preferred.

Examples of the cycloalkyl groups include cycloalkyl
groups having 5 to 14 carbon atoms, such as a cyclopentyl
group and a cyclohexyl group. Among these, cycloalkyl
groups having 5 to 8 carbon atoms are preferred.

Examples of the alkenyl groups include alkenyl groups
having 2 to 8 carbon atoms, such as a vinyl group and an allyl
group. Examples of the cycloalkenyl groups include
cycloalkenyl groups having 5 to 12 carbon atoms, such as a
cyclopentyl group and a cyclohexyl group.

Examples of the alkynyl groups include alkynyl groups
having 2 to 8 carbon atoms, such as an ethynyl group and a
propynyl group, and arylalkynyls, such as an ethynylbenzene
group.

Examples of the aryl groups include aryl groups having 6 to
20 carbon atoms, such as a phenyl group, a methylphenyl (or
tolyl) group, a dimethylphenyl (or xylyl) group, and a naph-
thyl group. Among these, aryl groups having 6 to 10 carbon

atoms are preferred, and a phenyl group 1s particularly pre-
terred.

Examples of the aralkyl groups include aralkyl groups
having 6 to 20 carbon atoms, such as a benzyl group, a
phenethyl group, and a phenylpropyl group. Among these,
aralkyl groups having 6 to 10 carbon atoms are preferred, and
a benzyl group 1s particularly preferred.

Examples of the silyl groups 1nclude silyl groups having 1
to 10 silicon atoms, such as a silyl group, a disilanyl group,
and a trisilanyl group. Among these, silyl groups having 1 to
6 silicon atoms are preferred. At least one of hydrogen atoms
of each of the silyl groups may be substituted with a func-
tional group, such as an alkyl group, an aryl group, or an
alkoxy group.

Each of the substituents R' and R~ in the formulae (1) and
(4B) 1s particularly preferably a phenyl group.

The degree of polymerization of the polysilane having an
aryl group, that 1s, the number of the structural units repre-
sented by the formulae (1) to (3) in the polysilane having an
aryl group 1s generally 2 or more, preferably 3 or more, and
more preferably 4 or more and generally 500 or less, prefer-
ably 400 or less, and more preferably 300 or less. A degree of
polymerization of 1 or less means a polysilane monomer, and
therefore the heat resistance 1s significantly deteriorated. In
the form of a polycarbonate resin composition, such a polysi-
lane 1s not preferred because 1t 1s easily gasified (volatilized)
and tends to cause mold fouling and reduce mechanical prop-
erties and tlame resistance. It 1s extremely difficult to produce
a polysilane having a degree of polymerization of more than
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500 and the dispersibility of such a polysilane 1n polycarbon-
ate resins 1s extremely low, and therefore such a polysilane 1s
not preferred.

The degree of polymernization of the cyclic polysilane hav-
ing an aryl group in the formula (4B), that 1s, X 1s generally 4
or more and preferably 5 or more and generally 12 or less,
preferably 10 or less, and more preferably 8 or less. In par-
ticular, x 1s preferably 5. A cyclic polysilane having an aryl
group and an x of 3 or less 1s difficult to produce due to 1ts
chemical structure. A cyclic polysilane having an aryl group
and an x of more than 12 1s also difficult to produce.

In the formulae (1) to (3) and (4B), a, b, and ¢ represent O
or 1. When each of a, b, and c 1s 0, the polysilane having an
aryl group has an alkyl group, a cycloalkyl group, an alkenyl
group, a cycloalkenyl group, an alkynyl group, an aryl group,
an aralkyl group, a hydrogen atom, or a silyl group as an
organic functional group. When each of a, b, and ¢ 15 1, the
polysilane has an alkoxy group, a cycloalkyloxy group, an
alkenyloxy group, a cycloalkenyloxy group, an alkynyloxy
group, an aryloxy group, an aralkyloxy group, or a hydroxyl
group as an organic functional group. Although each of a, b,
and ¢ 1s preferably O 1n terms of the heat resistance of the
polysilane having an aryl group, each of a, b, and ¢ may
intentionally be 1 to improve an affinity for resins or uninten-
tionally be 1 by oxidation or other actions.

In the case where the polysilane having an aryl group has
an acyclic structure (linear, branched, or network), the termi-
nal substituent 1s generally a hydrogen atom, a hydroxyl
group, an alkyl group, an alkoxy group, or a silyl group.

Examples of the polysilane having an aryl group include
linear, branched, or network polysilanes having an aryl group,
for example, polyalkylarylsilanes, such as polymethylphe-
nylsilane and a methylphenylsilane-phenylhexylsilane
copolymer; polydiarylsilanes, such as polydiphenylsilane;
and dialkylsilane-alkylarylsilane copolymers, such as a dim-
cthylsilane-methylphenylsilane copolymer, a dimethylsi-
lane-phenylhexylsilane copolymer, and a dimethylsilane-me-
thylnaphthylsilane copolymer; and cyclic polysilanes having
an aryl group, for example, cyclic alkylarylsilanes, such as
methylphenylcyclosilane, and cyclic arylsilanes, such as
diphenylcyclosilane.

The details of such polysilanes having an aryl group are

described 1n, for example, R. D. Miller, J. Michl, Chemical
Review, 89, 1359 (1989), and N. Matsumoto, Japanese Jour-
nal of Physics, 37, 5425 (1998).

The polysilane having an aryl group according to the sixth
aspect of the present mvention 1s particularly preferably a
cyclic polysilane having an aryl group and more preferably a
cyclic arylsilane. Specific examples of the cyclic arylsilane
include octaphenylcyclotetrasilane, decaphenylcyclopentasi-
lane, and dodecaphenylcyclohexasilane. Among these,
decaphenylcyclopentasilane 1s particularly preferred.

Such a cyclic polysilane having an aryl group markedly
improve the compatibility with and dispersibility 1n polycar-
bonate resins and thus a polycarbonate resin composition
having excellent tlame resistance, transparency, hue, and
impact resistance tends to be obtained.

The molecular weight of the polysilane having an aryl
group according to the sixth aspect of the present invention 1s
generally 300 or more, preferably 350 or more, and more
preferably 400 or more and generally 200000 or less, prefer-
ably 50000 or less, more preferably 10000 or less, still more
preferably 5000 or less, and most preferably 2000 or less, on
a basis of number-average molecular weight [Mn]. A polysi-
lane having a number-average molecular weight of less than
300 unfavorably has low heat resistance, which may result 1in
reduced tlame resistance of the polycarbonate resin compo-
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sition and mold fouling during shape processing. A polysilane
having a number-average molecular weight of more than
200000 unfavorably has extremely low dispersibility 1n and
compatibility with polycarbonate resins, which may result in
reduced mechanical properties and flame resistance.

The number-average molecular weight [ Mn] of the polysi-
lane having an aryl group is a polystyrene equivalent value
measured by gel permeation chromatography (GPC) at a
temperature of 40° C. using tetrahydrofuran as a solvent.

Any known method may be appropriately used as a method
tor producing the polysilane having an aryl group according
to the sixth aspect of the present invention. Examples of the
method 1nclude a method in which a silicon-containing,
monomer having a certain structural unit 1s prepared as a raw
maternal, and dehalogenation condensation polymerization 1s
performed on halosilanes using magnesium as a reducing
agent (magnesium reduction method); a method 1 which
dehalogenation condensation polymerization 1s performed
on halosilanes 1n the presence of an alkali metal (capping
method); a method in which dehalogenation condensation
polymerization 1s performed on halosilanes by electrode
reduction; a method 1n which dehalogenation condensation
polymerization 1s performed on halosilanes by electrode
reduction; a method 1 which dehydrogenation condensation
polymerization 1s performed on hydrazines in the presence of
a metal catalyst; a method 1n which anionic polymerization 1s
performed on disilenes crosslinked with biphenyl or the like;
and a method 1n which ring-opening polymerization 1s per-
formed on cyclic silanes. Among these methods, the magne-
sium reduction method 1s particularly preferred in consider-
ation of ease ol control of the punity, molecular weight
distribution, and content of impurities, such as sodium and
chlorine, of the polysilane having an aryl group to be pro-
duced and also 1n consideration of industrial advantages 1n
terms of production cost and safety. Water may be added to
the resultant polysilane having an aryl group to generate a
silanol group.

The content of the polysilane having an aryl group 1n the
polycarbonate resin composition according to the sixth aspect
of the present invention 1s 0.3 parts by mass or more, prefer-
ably 0.4 parts by mass or more, more preferably 0.5 parts by
mass or more, and particularly preferably 0.75 parts by mass
or more and 5 parts by mass or less, preferably 4 parts by mass
or less, more preferably 3 parts by mass or less, and particu-
larly preferably 2 parts by mass or less relative to 100 parts by
mass of the polycarbonate resin. An excessively low content
of polysilane may result in insuificient flame resistance of the
resultant polycarbonate resin composition. On the other hand,
at an excessively high content of polysilane, 1ts effect may be
leveled off and thus 1ts use may be uneconomical. In addition,
such an excessively high content of polysilane may result 1n
reduced transparency and impact resistance of the polycar-
bonate resin and poor appearance and low mechanical
strength of a formed product. Polysilanes having an aryl
group may be used alone or in combination.

[ 5. Other Components]

The polycarbonate resin composition according to the
s1xth aspect of the present invention may optionally contain
components other than those described above provided that
desired physical properties are not significantly deteriorated.
Examples of the other components include resins other than
polycarbonate resins and various resin additive agents. The
other components may be contained alone, or two or more of
the other components may be contained at any ratio.

The description of <Other Resins> that may be contained
in the polycarbonate resin composition according to I. First
Aspect of the Present Invention can be applied to <Other
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Resins> that may be contained in the polycarbonate resin
composition according to the sixth aspect of the present
invention.

<Resin Additive Agents™>

Examples of the resin additive agents include a heat stabi-
lizer, an antioxidant, a mold-release agent, an ultraviolet
absorber, a dye or pigment, a flame retardant, an anti-dripping
agent, a light-diffusing agent, an antistatic agent, an anti-
fogging agent, a lubricant, an anti-blocking agent, a flow
modifier, a sliding modifier, a plasticizer, a dispersant, and an
antimicrobial agent. The resin additive agents may be con-
tained alone, or two or more of the resin additive agents may
be contained at any ratio.

The descriptions of (Heat Stabilizer), (Antioxidant),
(Mold-Release Agent), (Ultraviolet Absorber), (Dye or Pig-
ment), and (Anti-Dripping Agent) of <Resin Additive
Agents> that may be contained in the polycarbonate resin
composition according to I. First Aspect of the Present Inven-
tion can be applied to exemplary resin additive agents (Heat
Stabilizer), (Antioxidant), (Mold-Release Agent), (Ultravio-
let Absorber), (Dye or Pigment), and (Anti-Dripping Agent)
suitable for the polycarbonate resin composition according to
the sixth aspect of the present invention, respectively.

The description of (Light-Diffusing Agent) of <Resin
Additive Agents> that may be contained 1n the polycarbonate
resin composition according to II. Second Aspect of the
Present Invention can be applied to (Light-Diffusing Agent).
|6. Method for Producing Polycarbonate Resin Composition]

A method for producing the polycarbonate resin composi-
tion according to the sixth aspect of the present invention 1s
not particularly limited. Various known methods for produc-
ing polycarbonate resin compositions can be employed.

A specific example 1s a method 1n which the polycarbonate
resin according to the sixth aspect of the present invention, a
metal salt compound, a polysilane having an aryl group, and
other components to be optionally blended are mixed in
advance, for example, 1n a mixer, such as a tumbler or a
Henschel mixer, and are melt-kneaded 1n a mixer, such as a
Banbury mixer, a roll, a Brabender, a single-screw extruder, a
twin-screw extruder, or a kneader.

Alternatively, for example, the components are not mixed
in advance, or part of the components 1s mixed in advance,
and the components are supplied to an extruder with a feeder
and are melt-kneaded to produce a polycarbonate resin com-
position according to the present mnvention.

Alternatively, for example, part of the components 1s mixed
in advance and 1s supplied to and melt-kneaded in an extruder
to produce a resin composition as a masterbatch. This mas-
terbatch 1s again mixed with the other components and 1s
melt-kneaded to produce a polycarbonate resin composition
according to the present invention.

When a component that 1s difficult to disperse 1s mixed, the
component that 1s difficult to disperse can be dissolved or
dispersed 1n advance 1n a solvent, such as water or an organic
solvent. The solution or dispersion liquid 1s kneaded with
other components and thus high dispersibility can be
achieved.

[7. Polycarbonate Resin Formed Product]

The polycarbonate resin composition according to the
s1xth aspect of the present invention 1s generally formed nto
polycarbonate resin formed products having any shape. The
shape, design, color, and size of the formed products are not
particularly limited and may be appropriately determined in
accordance with each application of the formed products.

Examples of the formed products include components of
clectrical and electronic devices, OA equipment, information
terminals, mechanical parts, household electrical appliances,
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vehicle parts, architectural members, various containers, rec-
reational equipment and miscellaneous articles, and 1llumi-
nators. Among these, the formed products are suitably used
for components of electrical and electronic devices, OA
equipment, information terminals, household electrical
appliances, and illuminators and are particularly suitably
used for components of electrical and electronic devices.

Examples of the electrical and electronic devices include
personal computers, game machines, display units, such as
television sets, printers, copying machines, scanners, fac-
similes, electronic notebooks and PDAs, electronic calcula-
tors, electronic dictionaries, cameras, video cameras, cellular
phones, battery packs, recording medium drives and readers,
mouses, numeric keypads, CD players, MD players, and por-
table radios and audio-players.

A method for manufacturing formed products 1s not par-
ticularly limited. Any common molding method for polycar-
bonate resin compositions can be employed. Examples of the
common molding method include an injection molding
method, an ultra-high-speed mjection molding method, an
injection compression molding method, a comjection mold-
ing method, gas-assisted blow molding methods and the like,
molding methods using insulated metal dies, molding meth-
ods using rapid heating metal dies, foam molding (including
supercritical fluid), insert molding, an IMC (in-mold coating
molding) molding method, an extrusion molding method, a
sheet forming method, a thermoforming method, a rotational
molding method, a laminate molding method, and a press
forming method. A hot-runner molding method may also be
used.

As described above, the polycarbonate resin formed prod-
uct according to the sixth aspect of the present invention can
be used as a practical formed product having high flame
resistance, transparency, and impact resistance and excellent
hue without impairing excellent characteristics of polycar-
bonate resins.

EXAMPLES

The 1nvention according to the first aspect will now be
specifically described on the basis of Examples. The inven-
tion according to the first aspect 1s not limited to Examples
below, and any modification can be made without departing
from the gist of the present invention.

I. Examples and Comparative Examples according to
First Aspect of the Present Invention

Production of Resin Pellet

The components shown 1n Table 1 below were blended
with each other at the ratios (mass ratios) shown in Table 2 and
mixed 1n a tumbler for 20 minutes. The mixture was supplied
to (TEX30HSST) having a single vent and manufactured by
The Japan Steel Works, Ltd. and kneaded at a number of
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screw revolutions of 200 rpm, a discharge rate of 15 kg/hour,
and a barrel temperature of 290° C. After that, a molten resin
extruded 1n a strand shape was rapidly cooled in a water bath
and pelletized using a pelletizer to obtain a pellet of a poly-
carbonate resin composition.

[Preparation of Test Piece]

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 280° C., amold tempera-
ture of 80° C., and a molding cycle of 35 seconds using an
M150AII-SJ 1njection molding machine manufactured by
Meiki Co., Ltd. to obtain a flat test piece (90 mmx50 mmx2
mm 1n thickness) and an ASTM test piece (notched test piece
with a thickness of 3.2 mm).
|Evaluation of Water Repellency and O1l Repellency]

The water repellency of each polycarbonate resin compo-
sition was evaluated as follows using, as a test piece, the flat
test piece obtained by the above-described method. A droplet
of pure water was dropped onto the test piece and the contact
angle (umt: deg) was measured by a 0/2 method using a
DropMaster 300 contact angle analyzer manufactured by
Kyowa Interface Science Co., Ltd. in an environment of JIS
standard temperature and humidity (23° C. and 50% RH). Ten
measurement results were averaged to evaluate water repel-
lency. The o1l repellency was evaluated by measuring a con-
tact angle by the same method as described above, except that
a mixed solution of pure water:i1sopropyl alcohol=1:1 was
used as a droplet to be dropped. A higher value of contact
angle means higher water repellency or o1l repellency, which
1s preferable.

Table 2 shows the results.
|[Evaluation of Impact Resistance]

The Izod impact strength (unit: J/m) was measured using,
the ASTM test piece (notched test piece with a thickness of
3.2 mm) prepared above at 23° C. 1 accordance with ASTM
D256.

Table 2 shows the results. In Table 2, the impact resistance
1s grven as “Izod”.
|Evaluation of Transparency]

The haze value (unit “%”") and the total light transmittance
(unit “%”") were measured with an NDH-2000 haze meter
manufactured by NIPPON DENSHOKU INDUSTRIES Co.,
Ltd. 1n accordance with JIS K-7105 using the flat test piece (2
mm 1n thickness) as a test piece.

The haze value 1s used as the scale of turbidity of resins. A
smaller haze value means higher transparency, which 1s prei-
erable. The total light transmittance 1s used as the scale of
transmittancy of resins. The total light transmittance 1s pret-
crably high.

Table 2 shows the results. In Table 2, the haze value 1s given
as “Hz” and the total light transmittance 1s given as “1"".

TABLE 1

Aromatic polycarbonate resin produced by interfacial
polymerization using bisphenol A as a starting material

Product name: “Iupilon (registered trademark) S-3000N”
manufactured by Mitsubishi Engineering-Plastics Corporation
Viscosity-average molecular weight: 21000

Polycarbosilane (B1)
compound

Polycarbosilane compound having a structure represented by formula (6)
Product name: “Nipusi Type-L” manufactured by Nippon Carbon Co., Ltd.

Number-average molecular weight: 950, Melting point: 66° C.

(B2)

Polycarbosilane compound having a structure represented by formula (6)

Product name: “Nipusi Type-A” manufactured by Nippon Carbon Co., Ltd.
Number-average molecular weight: 1500, Melting point: 248° C.

(B3)

Polycarbosilane compound having a structure represented by formula (6)

Product name: “Nipusi Type-S” manufactured by Nippon Carbon Co., Ltd.
Number-average molecular weight: 1600, Melting point: 234° C.
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TABLE 1-continued

Abbreviation Sample

Other silicon
compounds

(C1) Organosiloxane compound

Polydimethylsiloxane

32

Product name: “SH200CV-100CS” manufactured by Dow Corning Toray Co., Ltd.

(D2) Polysilane compound
Polydimethylsilane
Number-average molecular weight: 2000
TABLE 2
Comparative
Example Example
Abbreviation Unit I-1 I[-2 I-3 I-4 I-5 [-6 I-7 I-1 I[-2 I-3
Blending ratio  (A) parts by mass 99.75 995 99 99 97 95 93 100 99 99
of (B1) 0.25 0.5 1
polycarbonate (B2) 1 3 5
resin (B3) 7
(C1) 1
(C2) 1
Water repellency deg 80 81 85 80 84 87 90 77 82 82
Oi1l repellency deg 20 25 27 21 17 13 12 11 26 12
Izod KJ/m? 69 69 65 68 58 51 42 70 28 29
Hz % 1.1 1.3 6.9 2.3 5.8 8.8 11.8 1 993 993
T % 89 88 85 89 88 87 85 89 40 42

It 1s clear from the results above that, by blending a poly-
carbosilane compound, surface properties, such as water and
o1l repellency, can be modified without significantly impair-
ing the intrinsic characteristics of the polycarbonate resin,
such as transparency and impact resistance.

II. Examples and Comparative Examples according
to Second Aspect of the Present Invention

Examples 1I-1 to 11 and Comparative Examples 1I-1
to 11

Production of Resin Pellet

The components shown 1n Tables 4a and 4b below were
blended with each other at the ratios (mass ratios) shown in
Tables 5a to 5d and mixed 1n a tumbler for 20 minutes. The
mixture was supplied to (TEX30HSST) having a single vent
and manufactured by The Japan Steel Works, Ltd. and
kneaded at a number of screw revolutions of 200 rpm, a
discharge rate of 15 kg/hour, and a barrel temperature of 290°
C. After that, a molten resin extruded 1n a strand shape was
rapidly cooled 1n a water bath and pelletized using a pelletizer
to obtain a pellet of a polycarbonate resin composition.
| Preparation of Test Piece]

The pellet obtammed by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 260° C., a mold tempera-
ture of 80° C., and a molding cycle of 30 seconds using a
I150-EP injection molding machine manufactured by The
Japan Steel Works, Ltd. to obtain test pieces for UL Test
having alength of 125 mm, a width of 13 mm, and thicknesses
of 3.2 mm (V%4 inches) and 1.6 mm (Y16 1nches).

Similarly, the pellet obtained by the above-described pro-
duction method was dried at 120° C. for 5 hours and then
injection-molded at a cylinder temperature of 280° C., amold
temperature of 80° C., and a molding cycle of 55 seconds
using an M1350AII-SJ injection molding machine manufac-
tured by Meiki Co., Ltd. to obtain an ASTM test piece
(notched test piece with a thickness o1 3.2 mm) and a flat test
piece (90 mm 1 width, 50 mm 1n length, and 3 mm in

thickness).
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<Evaluation of Flame Resistance™>

The flame resistance of each polycarbonate resin compo-
sition was evaluated as follows. The test pieces for UL Test
prepared by the method above were left 1n a thermostatic
chamber having a temperature of 23° C. and a humaidity of
50% for 48 hours, and the flame resistance was evaluated 1n
accordance with the UL 94 Test (Test for flammability of
plastic materials for parts 1n devices and appliances) specified
by the U.S.A. Underwriters Laboratories (UL). UL 94V 1s a
method for evaluating flame resistance from the lingering
flame time and dripping properties atter a burner flame has
been applied, for ten seconds, to a test piece having a prede-
termined size and held in the vertical position. To achieve
flame resistance of V-0, V-1, and V-2, the criteria shown 1n
Table 3 below need to be satisfied.

TABLE 3

V-0 V-1 V-2
Lingering flame time for 10 sec or 30 sec or 30 sec or
each specimen shorter shorter shorter
Total lingering flame 50 sec or 250 sec or 250 sec or
time for five specimens shorter shorter shorter
Cotton 1gnition by drips No No Yes

The lingering flame time 1s the duration of flaming com-
bustion of a test piece aiter an 1gnition source has been moved
away. The cotton 1gnition by drips 1s determined by whether
or not marking cotton placed about 300 mm below the bottom
of the test piece 1s 1ignited by drips from the test piece. Fur-
thermore, the case where even one of five specimens does not
satisly the criteria above was evaluated as NR (not rated)
because the case does not satisty V-2.

Tables 5a to 5d show the results.
<Evaluation of Impact Resistance™

The Izod impact strength (unit: J/m) was measured using,
the ASTM test piece (notched test piece with a thickness of

3.2 mm) prepared above at 23° C. 1 accordance with ASTM
D256.
Tables 5a to 5d show the results. In Tables Sa to 5d, the

impact resistance 1s given as “Izod”.




US 8,492,476 B2

83

<Evaluation of Outgassing>
When the flat test piece was mjection-molded, the genera-

tion ol gas from the nozzle tip of the injection molding
machine was observed through visual inspection. The case
where almost no gas was generated was evaluated as “Good”
and the case where gas was significantly generated was evalu-
ated as “Poor”™.

Tables 5a to 5d show the results. In Tables 5a to 5d, out-
gassing 1s given as “low gassing property”.
<Ewvaluation of Mold Fouling>

With a MINIMAT M8/7A molding machine manufactured
by Sumitomo Heavy Industries, Ltd., 500 shots of continuous
molding were performed on the pellet obtained by the above-
described production method, using a drop mold at a molding

temperature of 290° C. and a mold temperature of 60° C. After
that, the presence or absence of fouling in the mold was
observed through visual inspection, and the mold fouling was
evaluated 1n accordance with the criteria below.

Polycarbonate resin

Metal salt compound

Polycarbosilane
compound

Other silicon
compounds
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Tables 5a to 5d show the results.

Excellent: fouling in the mold 1s hardly observed.

Good: fouling 1n the mold 1s slightly observed.

Poor: a large amount of fouling in the mold is observed.
<Evaluation of Transparency>

The haze value (unit *“%”’) and the total light transmittance
(unit “%”) were measured with an NDH-2000 haze meter
manufactured by NIPPON DENSHOKU INDUSTRIES Co.,
Ltd. 1n accordance with JIS K-7105 using the flat test piece (3
mm 1n thickness) as a test piece.

The haze value 1s used as the scale of turbidity of resins. A
smaller haze value means higher transparency, which 1s pred-
erable. The total light transmittance 1s used as the scale of
transmittancy of resins. The total light transmittance 1s pret-
erably high.

Tables 5a to 5d show the results.

In Tables 3a to 3d, the haze value 1s given as “3 mm Haze”
and the total light transmittance 1s given as “3 mm Transmit-
tance’.

TABLE

4a

Abbreviation Sample

(A1)

(A2)

(A3)

(A4)

(B1)

(B2)

(C1)

(C2)

(C3)

Abbreviation

(D1)

(D2)

Aromatic polycarbonate resin produced by interfacial
polymerization using bisphenol A as a starting material
Viscosity-average molecular weight: 21000, Structural
viscosity index: 1.0

Aromatic polycarbonate resin produced by interfacial
polymerization using bisphenol A as a starting material
Viscosity-average molecular weight: 17000, Structural
viscosity index: 1.0

Aromatic polycarbonate resin produced by melt
transesterification using bisphenol A as a starting material
Viscosity-average molecular weight: 27000, Structural
viscosity index: 1.3

Aromatic polycarbonate resin produced by interfacial
polymerization using bisphenol A as a starting material
Viscosity-average molecular weight: 26000, Structural
viscosity index: 1.0

Potassium perfluorobutanesulfonate

Product name: “Bayowet C4” manufactured by LANXESS
Cesium paratoluenesulfonate

Product name: “MEC-142" manufactured by
TAKEMOTO OIL & FAT Co., Ltd.

Polycarbosilane compound having a structure

represented by formula (6)

Product name: “Nipusi Type-L” manufactured by

Nippon Carbon Co., Ltd.

Number-average molecular weight: 950, Melting point: 66° C.
Polycarbosilane compound having a structure

represented by formula (6)

Product name: “Nipusi Type-A” manufactured by

Nippon Carbon Co., Ltd.

Number-average molecular weight: 1500, Melting point: 248° C.
Polycarbosilane compound having a structure

represented by formula (6)

Product name: “Nipusi Type-S” manufactured by

Nippon Carbon Co., Ltd.

Number-average molecular weight: 1600, Melting point: 234° C.

TABLE 4b

T

Sample

Organosiloxane compound
Polymethylphenylsiloxane
Product name: “PH 1555” manufactured by Dow Corning

Toray Co., Ltd.

Organosiloxane compound

Polyphenylsiloxane (including a branched structure)
Product name: “SR-21" manufactured by Konishi Chemical
Inc. Co., Ltd.
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TABLE 4b-continued

Abbreviation Sample

(D3)

(D4)

(D5)

Stabilizer (E1)

(E2)

Anti-dripping  (F)
agent

Light-diffusing (G)
agent

Mold-release (H1)
agent

Organosiloxane compound

Phenyltrimethoxysilane

Product name: “AY 43-040” manufactured by Dow Comming
Toray Co., Ltd.

Organosiloxane compound

Octaphenyltetracyclosiloxane manufactured by Shin-Etsu
Chemical Co., Ltd.

Polysilane compound

Polydimethylsilane

Number-average molecular weight: 2000

Heat stabilizer

Tris(2.,4-di-tert-butylphenyl)phosphite

Product name: “ADK STAB 2112 manufactured by Adeka
Corp.

Phenol antioxidant

Pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate]

Product name: “Irganox 1010” manufactured by Ciba
Specialty Chemicals Co., Ltd.

Aqueous dispersion liquid of fluoroolefin resin (the content
of PTFE: 60% by weight)

Product name: “31-JR” manufactured by DU PONT-MITSUI
FLUOROCHEMICALS COMPANY, Ltd.
Polymethylsilsesquioxane particles having an average
particle size of 2 um (spherical)

Product name: “Tospearl 120” manufactured by Momentive
Performance Materials Inc.

Pentaerythritol tetrastearate

Product name: “VPG 861" manufactured by Cognis Japan Ltd.

(H2) Stearyl stearate
Product name: “Unistar M9676” manufactured by
NOF Corporation
TABLE 5a
Example Example Example Example Example Example
Abbreviation Unit II-1 II-2 I1-3 11-4 I1-3 II-6
Resin (Al) parts by 99.72 99.395 99.645 99.395 99.645 99.395
composition (B1) mass 0.1 0.075 0.075 0.075 0.075 0.075
(B2)
(C1) 0.15 0.5
(C2) 0.25 0.5
(C3) 0.25 0.5
(E1) 0.03 0.03 0.03 0.03 0.03 0.03
Flame resistance V-0 V-0 V-0 V-0 V-0 V-0
(3 mm)
Izod I/m 700 690 680 670 710 700
Low gassing Good Good Good Good Good Good
property
Mold fouling Excellent Good Excellent Excellent Excellent Excellent
3 mm Haze 1.9 3.8 2.1 3 1.6 2
3 mm 89 87 90 90 90 90
Transmittance
TABLE 5b
Comparative Comparative Comparative Comparative Comparative
Example Example Example Example Example
Abbreviation Unit II-1 II-2 II-3 [I-4 II-5
Resin (Al) parts by 99.97 99.895 98.47 98.97 99.894
composition (B1) mass 0.075 0.075
(C3) 0.5 1 0.001
(E1) 0.03 0.03 0.03 0.03 0.03
Flame resistance V-2 V-2 V-2 V-2 V-2
(3 mm)
Izod I/m 760 710 690 690 690
Low gassing Good Good Good Good Good

property
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Example
II-7

99.87

0.1

1
0.03
V-0

690
(Good

Excellent
3.1
90
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TABLE 5b-continued

Comparative Comparative Comparative Comparative

88

Comparative
Example Example
[I-4 I1-3
Excellent Excellent
3 1.1
90 90

a number of screw revolutions of 200 rpm, a discharge rate of
15 kg/hour, and a barrel temperature of 290° C. After that, a
molten resin extruded 1n a strand shape was rapidly cooled in
a water bath and pelletized using a pelletizer to obtain a pellet
ol a polycarbonate resin composition.
<Evaluation of Flowability (QQ Value)>

The pellet obtained by the above-described production
method was dried at 120° C. {for 4 hours or more, and then the
flow rate per unit time, Q value (unit: 10™* cm’/sec), of a
composition was measured by a method described 1n Appen-
dix C of JIS K7210 using a Koka-shiki Flow Tester at 280° C.
at a load of 160 kgt to evaluate the flowability. Note that an
orifice having 1 mm 1n diameter and 10 mm in length was

used. A higher Q value means higher flowability. Table 6
shows the results.

<Preparation of Test Piece>
The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-

Comparative Comparative Comparative Comparative Comparative Comparative

Example Example Example
Abbreviation Unit II-1 II-2 II-3
Mold fouling Excellent Good Excellent
3 mm Haze %o 1.1 1 1.8
3 mm % 90 90 90
Transmittance
TABLE 5c
Abbre- Example Example Example Example
viation Unit II-8 I1-9 II-10 II-11
15
Resin (A2) parts 29.65 29.4 29.15 29.65
COIMpO- (A3) by 70 70 70 70
sition (Bl) mass 0.1 0.1 0.1 0.1
(C2) 0.25 0.5 0.75
(C3) 0.25
Flame resistance V-0 V-0 V-0 V-0 0
(3 mm)
Izod Jim 660 580 680 660
Low gassing Good Good Good Good
property
Mold fouling Excellent Excellent Excellent Excellent
3 mm Haze %o 4.3 0.3 7.1 3.2
3 mm % R8 ’8 R8 ’8 2>
Transmittance
TABLE 3d
Example Example Example
Abbreviation Unit II-6 II-7 II-8
Resin (Al) parts by 19.37 28.9
composition (A2) mass 29.9
(A3) 70 80 70
(B1) 0.1 0.1 0.1
(D1) 0.5
(D2) 1
(D3)
(D4)
(D5)
(E1) 0.03
Flame resistance V-2 V-0 V-1
(3 mm)
Izod J/m 660 610 450
Low gassing Good Poor Good
property
Mold fouling Excellent Poor Good
3 mm Haze %o 0.7 0.4 26
3 mm % 88 88 86
Transmittance

It 1s clear from the results above that the polycarbonate
resin composition of the present invention obtained by blend-
ing a metal salt compound and a polycarbosilane compound
with a polycarbonate resin has high flame resistance, impact

resistance, and transparency and causes less outgassing and
mold fouling.

Example 11-12 and Comparative Example 11-12
Production of Resin Pellet

The components shown 1n Tables 4a and 4b above were
blended with each other at the ratios (mass ratios) shown in
Table 6 and mixed 1n a tumbler for 20 minutes. The mixture
was supplied to (TEX30HSST) having a single vent and
manufactured by The Japan Steel Works, Ltd. and kneaded at
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Example Example Example
I1-9 I1-10 I1-11
18.87 18.87

29.42
R0 R0 70
0.1 0.1 0.08
1
1
0.5
0.03 0.03
V-2 V-2 V-0
580 640 340
Poor Poor Good
Poor Poor Excellent
0.5 0.4 99
8RR 8K 44

molded at a cylinder temperature of 280° C., amold tempera-
ture of 80° C., and a molding cycle of 30 seconds using a
I50-EP 1mjection molding machine manufactured by The
Japan Steel Works, Ltd. to obtain test pieces for UL Test
having alength of 125 mm, a width of 13 mm, and thicknesses
of 1.2 mm and 1.0 mm.

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 280° C., amold tempera-
ture of 80° C., and a molding cycle of 35 seconds using an
M150AII-SJ 1njection molding machine manufactured by
Meiki Co., Ltd. to obtain a tlat test piece (90 mm 1n length, 50
mm 1n width, three steps of 1, 2, and 3 mm 1n thickness).

Similarly, the pellet obtained by the above-described pro-
duction method was dried at 120° C. for 5 hours and then
injection-molded at a cylinder temperature of 290° C., amold
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temperature of 80° C., and a molding cycle of 45 seconds
using a Cycap M-2 with a clamping force of 75 T manufac-
tured by Sumitomo Heavy Industries, Ltd. to obtain an ISO
multipurpose test piece (4 mm) and an ISO multipurpose test
piece (3 mm).
<Evaluation of Flame Resistance>

The flame resistance was evaluated by performing UL Test
in the same manner as in Example II-1 using the test pieces for
UL Test.

Table 6 shows the results.
<Evaluation of Turbidity>

In a three-millimeter-thickness portion of the flat test piece
(with three steps of 1, 2, and 3 mm 1n thickness), the turbidity
was measured in accordance with JIS K-7136 using an NDH-
2000 turbidimeter manufactured by NIPPON DENSHOKU
INDUSTRIES Co., Ltd. The turbidity 1s used as the scale of
cloudiness of resins. A lower turbidity value means higher
transparency. Table 6 shows the results.
<Evaluation of Diffusivity/Degree of Dispersion>

In a one-millimeter-thickness portion and a two-millime-
ter-thickness portion of the flat test piece (with three steps of
1, 2, and 3 mm 1n thickness), the brightness was measured
with GP-5 GONIOPHOTOMETER manufactured by
MURAKAMI COLOR RESEARCH LABORATORY under
the conditions that incident light was at 0°, the elevation angle
was 0°, the light-recerving range was 0° to 90°, the luminous
aperture was 2.0, and the light-receiving aperture was 3.0.
The diffusivity (%) was determined from the following for-
mula. The degree of dispersion indicates a light-recerving,
angle that provides 50% of brightness at a light-receiving
angle of 0°, that 1s, 50% of brightness of a light beam which
travels 1n a straight line after passing through the test piece
from a light source. Table 6 shows the results.

Diffusivity(%0)=100-[(brightness at a light-recerving
angle of 20°+brightness at a light-recerving angle
of 70°)/{2-(brightness at a light-receiving angle
of 5)}]

<Ewvaluation of Heat Resistance>

The deflection temperature under load was measured in
accordance with ISO 75-1 and ISO 75-2 using the ISO mul-
tipurpose test piece (4 mm) at a load of 1.80 MPa. Table 6
shows the results. In Table 6, the deflection temperature under
load 1s g1ven as “DTUL”
<Ewvaluation of Bendab111ty>

The bending stress and bending modulus were measured in
accordance with ISO 178 using the ISO multipurpose test
piece (4 mm) at 23° C. Table 6 shows the results.
<Ewvaluation of Impact Resistance>

The notched Charpy impact strength (unit: kJ/m>) was
measured 1n accordance with ISO 179 using the ISO multi-
purpose test piece (3 mm) at 23° C. Table 6 shows the results.

TABLE 6
Comparative
Example Example

Abbreviation Unit II-12 II-12
Resin (A4) parts 17.98 18.98
composition (A3) by mass 80 80

(B1) 0.09 0.09

(F) 0.17 0.17

(C2) 1

(GQ) 0.5 0.5

(H1) 0.1 0.1

(H2) 0.1 0.1

(E1) 0.03 0.03

(E2) 0.03 0.03
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TABLE 6-continued

Comparative
Example Example
Abbreviation Unit II-12 II-12
Flowability (Q value) 1072 8.4 4.5
cm’/sec
Flame 1.2 mm V-0 V-0
resistance in thickness
1.0 mm V-2 V-1
in thickness
Turbidity Hz (1 mm) % 99.0 99.1
Hz (2 mm) % 99.3 99.3
Diffusivity/  Diffusivity (1 mm) 45.5 45.6
Degree of Degree of 34.8 34.7
dispersion dispersion (1 mm)
Diffusivity (2 mm) 56.6 57.2
Degree of 49 .4 50.3
dispersion (2 mm)
DTUL °C. 125 126
Bendability  Elastic modulus (load) MPa 2310 2380
Bending stress MPa 97 99
Impact resistance kJ/m? 60 65

It 1s clear from Table 6 that a satisfactory light-diffusing
cifect 1s achieved by blending a light-diffusing agent.

I1I. Examples and Comparative Examples of Third
Aspect of the Present Invention

Examples I1I-1 to 18 and Comparative Examples
I1I-1 to 3

Production of Resin Pellet

The components shown 1n Tables 8a and 8b below were
blended with each other at the ratios (mass ratios) shown in
Tables 9 and 10 and mixed 1n a tumbler for 20 minutes. The
mixture was supplied to (TEX30HSST) having a single vent
and manufactured by The Japan Steel Works, Ltd. and
kneaded at a number of screw revolutions of 200 rpm, a
discharge rate of 15 kg/hour, and a barrel temperature of 290°
C. After that, a molten resin extruded 1n a strand shape was
rapidly cooled 1n a water bath and pelletized using a pelletizer
to obtain a pellet of a polycarbonate resin composition.

[Preparation of Test Piece]

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 280° C., amold tempera-
ture of 80° C., and a molding cycle of 35 seconds using an
M150AII-SJ 1mnjection molding machine manufactured by
Meiki Co., Ltd. to obtain a tlat test piece (90 mm 1n length, 50
mm in width, and 1 mm 1in thickness).

Similarly, the pellet obtained by the above-described pro-
duction method was dried at 120° C. for 5 hours and then
injection-molded at a cylinder temperature of 290° C., amold
temperature of 80° C., and a molding cycle of 30 seconds
using a J50-EP mjection molding machine manufactured by
The Japan Steel Works, Ltd. to obtain a test piece for UL Test
having a length of 125 mm, a width of 13 mm, and a thickness
of 1.2 mm.

<Evaluation of Near-Infrared Light Transmittance>

The light transmittance 1n a near-inirared region ranging
from 800 nm to 1500 nm (near-inirared light transmittance)
was measured with a spectral light transmittance analyzer
“UV-3100" manufactured by SHIMADZU Corporation
using the flat test piece (1 mm in thickness) as a test piece.
Tables 9 and 10 show the results.
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<Evaluation of Flame Resistance>

The test piece for UL Test prepared above was leit in a
thermostatic chamber having a temperature of 23° C. and a
humidity of 50% for 48 hours, and the flame resistance was
evaluated 1n accordance with the UL 94 Test (Test for flam-
mability of plastic materials for parts 1n devices and appli-
ances) specified by the U.S.A. Underwriters Laboratories
(UL).

UL 94V 1s a method for evaluating flame resistance from
the lingering flame time and dripping properties aiter a burner
flame has been applied, for ten seconds, to a test piece having
a predetermined size and held in the vertical position. To
achieve flame resistance of V-0, V-1, and V-2, the criteria
shown 1n Table 7 below need to be satistied.

TABLE 7

V-0 V-1 V-2
Lingering flame time for 10 sec or 30 sec or 30 sec or
each specimen shorter shorter shorter

Thermoplastic resin

Thermoplastic resin

Fluoropolymer

Fluoropolymer
dispersant

Flame retardant

Other resins

Fibrous reinforcement
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TABLE 7-continued

V-0 V-1 V-2
Total lingering flame 50 sec or 250 sec or 250 sec or
time for five specimens shorter shorter shorter
Cotton ignition by drips No No Yes

The lingering flame time 1s the duration of tlaming com-
bustion of a test piece alter an 1gnition source has been moved
away. The cotton 1gnition by drips 1s determined by whether
or not marking cotton placed about 300 mm below the bottom
of the test piece 1s 1ignited by drips from the test piece. Fur-
thermore, the case where even one of five specimens does not
satisly the criteria above was evaluated as NR (not rated)
because the case does not satisty V-2.

Tables 9 and 10 show the results.

TABLE 3a

Abbreviation Sample

(A1)

(A2)

(B)

(C1)

(C2)

(C3)

Abbreviation

(D1)

(D2)

(E)

(F1)

(F2)

Aromatic polycarbonate resin produced by interfacial
polymerization using bisphenol A as a starting material
Product name: “Iupilon (registered trademark) S-3000N”
manufactured by Mitsubishi Engineering-Plastics Corporation
Viscosity-average molecular weight: 21000

Aromatic polycarbonate resin produced by interfacial
polymerization using bisphenol A as a starting material
Product name: “Iupilon (registered trademark) H-4000N>
manufactured by Mitsubishi Engineering-Plastics Corporation
Viscosity-average molecular weight: 15000
Polytetrafluoroethylene capable of forming fibrils

Product name: “Teflon (registered trademark) 6
manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd.
Polycarbosilane compound having a structure represented by
formula (6)

Product name: “Nipusi Type-A’ manufactured by Nippon
Carbon Co., Ltd.

Number-average molecular weight: 1500, Melting point: 248° C.
Polycarbosilane compound having a structure represented by
formula (6)

Product name: “Nipusi Type-S” manufactured by Nippon
Carbon Co., Ltd.

Number-average molecular weight: 1600, Melting point: 234° C.
Polycarbosilane compound having a structure represented by
formula (6)

Product name: “Nipusi Type-L” manufactured by Nippon
Carbon Co., Ltd.

Number-average molecular weight: 950, Melting point: 66° C.

TABL

L1

Sample

Metal salt compound, potassium perfluorobutanesulfonate
Product name: “Bayowet C4” manufactured by LANXESS
Metal salt compound, sodium paratoluenesulfonate
Product name: “Chemguard-NATS” manufactured by
Chembridge Intermational Corp.
Poly-4.4’-1sopropylidene-diphenyl carbonate oligomer
Product name: “AL0O71” manufactured by Mitsubishi
Engineering-Plastics Corporation

Glass fiber-chopped strand

Product name: “ECS03T571”

manuifactured by Nippon Electric Glass Co., Ltd.

Average fiber diameter: 13 um, Average length: 3 mm
Milled glass fiber

Product name: “EPG70M995”

manufactured by Nippon Electric Glass Co., Ltd.

Average fiber diameter: 9 uym, Average length: 70 pm
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TABLE 8b-continued
Abbreviation Sample
Mold-release agent (G1) Polyethylene wax
Product name: “Licowax PE-520PW” manufactured by Clariant
(Japan) K.K., Dropping point: 117 to 122° C.
(G2) Stearic acid
Product name: “NAA180” manufactured by NOF Corporation
(G3) Pentaerythritol distearate
Product name: “Unistar H476D” manufactured by NOF
Corporation
Optical function (H) Titanium oxide
regulator Product name: “CRNOSS2233” manufactured by KRONOS
Average particle size: 0.20 um
TABLE 9
Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex-
ample ample ample ample ample ample ample ample ample ample ample ample
Abbreviation Unit III-1 III-2 III-3 I11-4 III-5 III-6 III-7 III-%8 I11-9 III-10  III-11 III-12
Resin (Al) parts 98.5 99.45 99.4 99.3 99.25 99.25 99.25 99.2 99 99 98.5 98.5
composition (B) by 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
(C1) mass 1 0.25 0.5 1
(C2) 0.05 0.1 0.2 0.25 0.3 0.5 1
(C3) 0.25
(D1) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
(D2)
Near- 1000 nm % 58.49 49.03 47.45 49.08 56.35 5474  49.66 49.08 56.44 55.65 59.79 54.774
infrared 1050 nm 60.95 52.70 51.78 52.89 59.66 57.95 53.02 52.89 59.43 58.83 62.39 57.49
light 1100 nm 62.70 55.54 54.43 55.40 61.72 59.88 55.95 55.40 61.55 60.74 64.47 59.52
transmittance 1150 nm 63.63 57.24 56.15 57.32 62.99 61.04 57.75 57.32 62.78 61.74 65.35 60.59
1200 nm 66.42 60.89 60.07 60.94 66.34 64.38 62.04 60.94 66.00 64.88 68.23 63.52
1250 nm 68.57 63.92 63.07 63.82 68.75 66.82 65.32 63.82 68.43 67.30 70.68 65.93
1300 nm 69.42 65.48 64.76 65.42 69.92 67.93 66.42 65.42 69.54 68.27 71.63 66.88
1350 nm 68.76 66.06 64.84 63.52 69.61 67.76 66.52 65.52 69.42 68.26 71.38 67.12
1400 nm 67.02 64.94 64.01 64.81 68.23 66.04 65.46 64.81 67.59 66.40 69.55 65.04
1450 nm 69.32 67.58 66.78 67.41 70.82 68.51 67.89 67.41 70.13 68.75 71.84 67.29
1500 nm 71.63 70.16 69.56 70.13 73.24  71.05 71.01 70.13 72.47 71.05 74.17 69.48
Flame V-1 V-1 V-0 V-0 V-0 V-0 V-1 V-1 V-1 V-0 V-0 V-0
resistance
Total combustion sec 60 53 43 39 28 20 70 37 65 24 34 30
time
TABLE 10
Comparative Comparative Comparative
Example Example Example Example Example Example Example Example Example
Abbreviation Unit III-13 I1I-14 III-15 [II-16 II-17 III-18 III-1 III-2 I11-3
Resin (Al) parts 98 97.5 96.5 94.5 99.25 99 99.6 99.5 99.5
composition (B) by 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
(C1) mass
(C2) 1.5 2 3 5 0.25 0.5
(C3)
(D1) 0.1 0.1 0.1 0.1 0.1
(D2) 0.1 0.1 0.1
Near- 1000 nm % 52.00 54.82 58.46 62.03 54.54 55.48 44.772 39.01 38.86
infrared 1050 nm 55.92 58.36 61.44 65.42 57.77 58.66 47.779 42.99 42.78
light 1100 nm 58.27 60.54 63.62 67.48 59.62 60.54 50.15 46.20 46.01
transmittance 11350 nm 59.57 61.63 64.64 67.80 60.86 61.51 51.96 48.66 48.48
1200 nm 62.96 65.05 67.71 70.67 64.14 64.63 55.26 52.59 52.42
1250 nm 65.59 67.88 70.27 73.31 66.59 67.14 57.81 55.73 55.51
1300 nm 66.93 69.06 71.38 74.21 67.78 68.02 59.41 57.62 57.45
1350 nm 66.80 69.25 71.04 74.04 67.56 67.98 59.21 58.26 58.02
1400 nm 65.68 67.62 69.62 72.02 65.81 66.17 58.09 57.88 57.68
1450 nm 68.14 70.18 72.05 74.37 68.34 68.52 60.54 60.63 60.41
1500 nm 70.78 72.51 74.54 76.46 70.84 70.81 63.17 63.64 63.46
Flame V-0 V-1 V-1 V-1 V-0 V-0 V-2 V-2 V-2
resistance
Total combustion sec 46 51 66 66 28 42 67 57 101

tiume
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It 1s clear from the results above that the near-infrared light
transmittance and flame resistance can be improved by blend-

ing a polycarbosilane compound as a fluoropolymer dispers-
ant.

Examples 111-19 and 20 and Comparative Examples
III-4 and 5

Production of Resin Pellet

The components shown 1n Tables 8a and 8b above were
blended with each other at the ratios (mass ratios) shown in
Tables 11 and 12 and mixed 1n a tumbler for 20 minutes. The
mixture was supplied to (TEX30HSST) having a single vent
and manufactured by The Japan Steel Works, Ltd. and
kneaded at a number of screw revolutions of 200 rpm, a
discharge rate of 135 kg/hour, and a barrel temperature of 290°
C. After that, a molten resin extruded 1n a strand shape was
rapidly cooled 1n a water bath and pelletized using a pelletizer
to obtain a pellet of a polycarbonate resin composition.
<Evaluation of Flowability>
MVR (Melt Volume Rate)

The pellet obtained by the above-described production
method was dried at 120° C. for 4 hours or more, and then
measurement was performed 1n accordance with ISO 1133 at
a measurement temperature of 300° C. and a measurement
load o1 1.2 kgt (11.8 N). Table 11 shows the results.

Q Value

The pellet obtammed by the above-described production
method was dried at 120° C. for 4 hours or more, and then the
flow rate per unit time, Q value (unit: 107> cm’/sec), of a
composition was measured by a method described 1n Appen-
dix C of JIS K7210 using a Koka-shiki Flow Tester at 280° C.
at a load of 160 kgt to evaluate the flowability. Note that an
orifice having 1 mm 1n diameter and 10 mm in length was
used. A higher Q value means higher flowabaility. Table 12
shows the results.
<Preparation of Test Piece>

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours. In the case where the
fibrous reinforcement was not contained, the pellet was 1njec-
tion-molded at a cylinder temperature of 280° C., a mold
temperature of 80° C., and a molding cycle of 30 seconds
using a JS0-EP mjection molding machine manufactured by
The Japan Steel Works, Ltd. In the case where the fibrous
reinforcement was contained, the pellet was injection-
molded at a cylinder temperature of 300° C., amold tempera-
ture o1 110° C., and a molding cycle 0130 seconds. As a result,
test pieces for UL Test having a length of 125 mm, a width of
13 mm, and thicknesses of 1.58 mm and 1.2 mm were
molded.

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 280° C., a mold tempera-
ture of 80° C., and a molding cycle of 55 seconds using an
M150AII-SJ mjection molding machine manufactured by
Meiki Co., Ltd. to obtain a flat test piece (90 mm 1n length, 50
mm 1n width, and three steps of 1, 2, and 3 mm 1n thickness).

Similarly, the pellet obtained by the above-described pro-
duction method was dried at 120° C. for 5 hours. In the case
where the fibrous reinforcement was not contained, the pellet
was 1njection-molded at a cylinder temperature of 280° C., a
mold temperature of 80° C., and a molding cycle of 45 sec-
onds using a Cycap M-2 with a clamping force of 75 T
manufactured by Sumitomo Heavy Industries, Ltd. In the
case where the fibrous reinforcement was contained, the pel-
let was injection-molded at a cylinder temperature o1 300° C.,
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a mold temperature of 110° C., and a molding cycle of 45
seconds. As a result, an ISO multipurpose test piece (4 mm)
and an ISO multipurpose test piece (3 mm) were molded.
<Evaluation of Flame Resistance>

The tflame resistance was evaluated by performing UL Test
in the same manner as 1n Example I11-1 using the test pieces
for UL Test.

Tables 11 and 12 show the results.
<Evaluation of Retlectivity>

The reflectivity was measured using a three-millimeter-
thickness portion of the tlat test piece (having three steps of 1,
2, and 3 mm in thickness). The measurement was performed
using Spectrophotometer CM  3600d manufactured by
KONICA MINOLTA HOLDINGS, INC. ata D65/10-degree
observer with an SCI normal measurement mode. The retlec-
tivity was evaluated at a wavelength of 440 nm. Table 12
shows the results.
<Evaluation of Heat Resistance>

The detlection temperature under load was measured 1n
accordance with ISO 75-1 and ISO 735-2 using the ISO mul-
tipurpose test piece (4 mm) at a load of 1.80 MPa. Tables 11
and 12 show the results. In Tables 11 and 12, the deflection
temperature under load 1s given as “DTUL”.
<Evaluation of Bendability>

The bending stress and bending modulus were measured in
accordance with ISO 178 using the ISO multipurpose test
piece (4 mm) at 23° C. Tables 11 and 12 show the results.
<Evaluation of Impact Resistance>

The notched Charpy impact strength (unit: kJ/m*) was
measured 1n accordance with ISO 179 using the ISO multi-
purpose test piece (3 mm) at 23° C. Tables 11 and 12 show the

results.

TABLE 11
Comparative
Example Example
Abbreviation Unit [II-19 [II-4
Resin (Al) parts 68.32 69.32
composition (E) by mass 10 10
(D1) 0.08 0.08
(B) 0.1 0.1
(C2) 1
(F1) 15 15
(F2) 5 5
(G1) 0.5 0.5
Flowability MVR cm’/10 min 11 10
Flame resistance ULS4 V-0 V-1
(1.58 mm 1n thickness)
DTUL ° C. 139 139
Bendability  Elastic modulus  MPa 5430 5520
(load)
Bending stress MPa 151 141
Impact resistance kJ/m? 7 8
TABLE 12
Comparative
Example Example
Abbreviation Unit [1I-20 III-5
Resin (A1) parts 43.24 44.24
composition (A2) by mass 43 43
(D2) 0.2 0.2
(B) 0.4 0.4
(C2) 1
(H) 12 12
(G2) 0.08 0.08
(G3) 0.08 0.08
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TABLE 12-continued

Comparative
Example Example

Abbreviation Unit [1I-20 III-5

Flowability Q value 1072 15.8 14.7
cm’/sec

Flame resistance UL%4 V-0 V-0
(1.2 mm in thickness)
Reflectivity % 94.6 94.8
DTUL °C. 126 125
Bendability Elastic modulus  MPa 2440 2420

(load)

Bending stress MPa 93 90
Impact resistance kJ/m? 33 41

It 1s clear from Table 11 that the bendability 1s improved
through the blend of a fibrous reinforcement.

It 1s clear from Table 12 that the reflectivity 1s improved
through the blend of titamium oxide.

IV. Examples and Comparative Examples According
to Fourth Aspect of the Present Invention

The following components were used 1n these Examples
and Comparative Examples.

PC 1: Polycarbonate resin (bisphenol A-type aromatic
polycarbonate resin produced by interfacial polymerization,
Tupilon (registered trademark) S-3000 manufactured by Mit-
subishi1 Engineering-Plastics Corporation, viscosity-average
molecular weight: 21000, structural viscosity index: 1.0)

PC 2: Polycarbonate resin (bisphenol A-type aromatic
polycarbonate resin produced by interfacial polymerization,
viscosity-average molecular weight: 17000, structural vis-
cosity index: 1.0)

PC 3: Polycarbonate resin (bisphenol A-type aromatic
polycarbonate resin produced by melt transesterification, vis-
cosity-average molecular weight: 27000, structural viscosity
index: 1.3)

M1: Metal salt compound (potassium pertluorobutane-
sulfonate, Bayowet C4 manufactured by LANXESS)

M2: Metal salt compound (sodium toluenesulfonate manu-
tactured by TOKYO CHEMICAL INDUSTRY Co., Ltd.)

PS: Polysilane (polydimethylsilane, number-average
molecular weight: 2000)

Stab: Heat stabilizer (tris(2,4-di-tert-butylphenyl)phos-
phite, ADK STAB 2112 manufactured by Adeka Corp.)
[Production of Resin Pellet]

The components described above were blended with each
other at the ratios (mass ratios) shown 1n Tables 14 to 16 and
mixed 1n a tumbler for 20 minutes. The mixture was supplied
to (TEX30HSST) having a single vent and manufactured by
The Japan Steel Works, Ltd. and kneaded at a number of
screw revolutions of 200 rpm, a discharge rate of 15 kg/hour,
and a barrel temperature of 270° C. After that, a molten resin
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extruded 1n a strand shape was rapidly cooled 1n a water bath
and pelletized using a pelletizer to obtain a pellet of a poly-
carbonate resin composition.

|Preparation of Test Piece for UL Test]

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 260° C., amold tempera-
ture of 80° C., and a molding cycle of 30 seconds using a
I50-EP injection molding machine manufactured by The

Japan Steel Works, Ltd. to obtain test pieces having a length
of 125 mm, a width of 13 mm, and thicknesses o1 3.2 mm (148

inches) and 1.6 mm (¥is inches). The resultant formed prod-
ucts were used as samples for UL Test, and the flame resis-
tance was evaluated by the method described below.
|[Evaluation of Flame Resistance]

The flame resistance of each polycarbonate resin compo-
sition was evaluated as follows. The test pieces for UL Test
prepared by the method above were left 1n a thermostatic
chamber having a temperature of 23° C. and a humidity of
50% for 48 hours, and the flame resistance was evaluated 1n
accordance with the UL 94 Test (Test for flammability of
plastic materials for parts in devices and appliances) specified
by the U.S.A. Underwriters Laboratories (UL). UL 94V 1s a
method for evaluating flame resistance from the lingering
flame time and dripping properties aiter a burner flame has
been applied, for ten seconds, to a test piece having a prede-
termined size and held in the vertical position. To achieve
flame resistance of V-0, V-1, and V-2, the criteria shown 1n
Table 13 below need to be satistied.

TABLE 13
V-0 V-1 V-2
Lingering flame time for 10 sec or 30 sec or 30 sec or
each specimen shorter shorter shorter
Total lingering flame 50 sec or 250 sec or 250 sec or
time for five specimens shorter shorter shorter
Cotton 1gnition by drips No Yes Yes

The lingering flame time 1s the duration of flaming com-
bustion of a test piece alter an 1gnition source has been moved
away. The cotton 1gnition by drips 1s determined by whether
or not marking cotton placed about 300 mm below the bottom
of the test piece 15 1gnited by drips from the test piece. Fur-
thermore, the case where even one of five specimens does not
satisly the criteria above was evaluated as NR (not rated)
because the case does not satisty V-2.
|[Evaluation of Flowability]

Regarding the resin composition dried at 120° C. for 3
hours, the melt volume rate per unit time (unit: cm>/10 min)
was measured and evaluated 1n accordance with JIS K7210

using Melt Indexer manufactured by Toyo Seiki Seisaku-sho,
Ltd. at 300° C. ata load o1 11.8 N.

TABLE 14
Example Example Example Example Example

IV-1 IV-2 IV-3 V-4 IV-3
PCl1 parts 99.62 99.395 98.895 97.87 98.87
M1 by 0.1 0.075 0.075 0.1
M2  mass 0.1
PS 0.25 0.5 1 2 1
Stab 0.03 0.03 0.03 0.03 0.03

V-0 V-0 V-0 V-0 V-1

17 17 17 18 17
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TABLE 15
Com- Com-
parative parative Compar- Compar-
Ex- Ex- ative ative
ample ample Example Example
V-1 V-2 IV-3 V-4
Blending PCl1 parts  99.895  99.87 99.47 98.97
ratio of M1l by 0.075
polycarbonate M2  mass 0.1
resin PS 0.5 1
composition Stab 0.03 0.03 0.03 0.03
Flame resistance (1/& inches) V-2 V-2 V-2 V-2
MVR (cm’/10 min) 15 15 17 17
TABLE 16
Com- Com-
Ex- Ex- parative parative
ample ample Example Example
IV-6 V-7 IV-5 IV-6
Blending PC2 parts  29.875 29.825 29.925 29.9
ratio of PC3 by 70 70 70 70
polycarbonate M1  mass 0.075 0.073 0.075
resin PS 0.05 0.1 0.1
composition
Flame resistance (/16 inches) V-0 V-0 V-2 V-2
MVR (cm?/10 min) 8 7 6 6

As 1s clear from Tables 14 to 16, the polycarbonate resin
compositions of Examples 1V-1 to 5 have high tflame resis-
tance and flowability whereas the polycarbonate resin com-
positions of Comparative Examples IV-1 and 2 that contain
only a metal salt compound and those of Comparative
Examples 1V-3 and 4 that contain only a polysilane have
insufficient flame resistance. As 1s also clear from Table 16,
even 1n the case where an aromatic polycarbonate resin hav-
ing a predetermined structural viscosity index 1s contained,
the polycarbonate resin composition of Comparative
Example IV-5 that contains only a metal salt compound and
that of Comparative Example 1V-6 that contains only a pol-
ysilane have insuflicient flame resistance. In contrast, the
polycarbonate resin compositions ol Examples IV-6 and 7
that contain both a metal salt compound and a polysilane have
high flame resistance.

Accordingly, 1t was confirmed from Examples and Com-
parative Examples described above that the effects of improv-
ing flame resistance and flowability could be uniquely
achieved through the configuration according to the fourth
aspect of the present invention.

V. Examples and Comparative Examples According
to Fiith Aspect of the Present Invention

The following components were used in Examples and
Comparative Examples.

Polycarbonateresin-1 (bisphenol A-type aromatic polycar-
bonate resin produced by interfacial polymerization, ITupilon
(registered trademark) S-3000 manufactured by Mitsubishi
Engineering-Plastics Corporation, viscosity-average
molecular weight: 21000). In Tables 18 and 19, this 1s abbre-
viated as “PC-1".

Polycarbonate resin-2 (bisphenol A-type aromatic polycar-
bonate resin produced by interfacial polymerization, Iupilon
(registered trademark) H-4000 manufactured by Mitsubishi
Engineering-Plastics Corporation, viscosity-average
molecular weight: 15000). In Tables 18 to 21, this 1s abbre-

viated as “PC-2".
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Metal salt compound 1 (potasstum perfluorobutane-
sulfonate, Bayowet C4 manufactured by LANXESS). In

Tables 18 to 21, this 1s abbreviated as “Metal salt-1".

Metal salt compound 2 (sodium toluenesulfonate, NATS
manufactured by Chembridge International Corp.). In Tables
18 to 21, this 1s abbreviated as “Metal salt-2”".

Fluoropolymer (fluoroethylene resin capable of forming
fibrils, Teflon (registered trademark) 6] manufactured by
DuPont-Mitsu1 Fluorochemicals Co., Ltd.). In Tables 18 to
21, this 1s abbreviated as “PTFE”.

Polysﬂane (polydimethylsilane manufactured by Nippon
Soda Co., Ltd., number-average molecular weight: 2000). In
Tables 18 to 21, this 1s abbreviated as “PS”.

Polycarbonate oligomer (poly-4.,4'-1sopropylidene-diphe-
nyl carbonate oligomer, AL-071 manufactured by Mitsubishi
Engineering-Plastics Corporation). In Tables 18 to 21, this 1s
abbreviated as “PC oligomer”.

Fibrous reinforcement-1 (glass fiber-chopped strand,
ECS03T57]1 manufactured by Nippon FElectric Glass Co.,
Ltd.) (average fiber diameter: 13 um, average length: 3 mm).
In Tables 18 to 21, this 1s abbreviated as “GF-1"".

Fibrous reinforcement-2 (milled glass fiber, EPG70M99S
manufactured by Nippon Electric Glass Co., Ltd.) (average
fiber diameter: 9 um, average length: 70 um). In Tables 18 to
21, this 1s abbreviated as “GF-2".

Optical  function  regulator  (titamium  oxide,
CRONOSS2233 manufactured by KRONOS) (average par-
ticle size: 0.20 um). In Tables 18 to 21, this 1s given as
titanium oxide™.

Mold-release agent-1 (polyethylene wax, Licowax
PE-3520PW manufactured by Clanant (Japan) K.K., Drop-
ping point: 117 to 122° C.). In Tables 18 to 21, this 1s given as
“Mold-release agent-17".

Mold-release agent-2 (stearic acid, NAA180 manufactured
by NOF Corporation). In Tables 18 to 21, this 1s given as
“Mold-release agent-2”.

Mold-release agent-3 (pentaerythritol distearate, Unistar
H4°76D manufactured by NOF Corporation). In Tables 18 to
21, this 1s given as “Mold-release agent-3”.

Examples V-1 to 4 and Comparative Examples V-1 to
4

Production of Resin Pellet

The components described above were blended with each
other at the ratios (imass ratios) shown in Tables 18 and 19 and
mixed 1n a tumbler for 20 minutes. The mixture was supplied
to (TEX30HSST) having a single vent and manufactured by
The Japan Steel Works, Ltd. and kneaded at a number of
screw revolutions of 200 rpm, a discharge rate o1 15 kg/hour,
and a barrel temperature of 270° C. After that, a molten resin
extruded 1n a strand shape was rapidly cooled 1n a water bath
and pelletized using a pelletizer to obtain a pellet of a poly-
carbonate resin composition.
<Preparation of Test Piece for UL Test>

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 260° C., amold tempera-
ture of 80° C., and a molding cycle of 30 seconds using a
I50-EP injection molding machine manufactured by The
Japan Steel Works, Ltd. to obtain a test piece having a length
of 125 mm, a width of 13 mm, and a thickness of 1.0 mm. The
resultant formed product was used as a sample for UL Test,
and the flame resistance was evaluated by the method
described below.
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<Ewvaluation of Flame Resistance>

The flame resistance of each polycarbonate resin compo-
sition was evaluated as follows. The test piece for UL Test
prepared by the method above was left in a thermostatic
chamber having a temperature of 23° C. and a humidity of
50% for 48 hours, and the flame resistance was evaluated 1n
accordance with the UL 94 Test (Test for flammability of
plastic matenals for parts 1n devices and appliances) specified
by the U.S.A. Underwriters Laboratories (UL). UL 94V 1s a
method for evaluating flame resistance from the lingering
flame time and dripping properties aiter a burner flame has
been applied, for ten seconds, to a test piece having a prede-
termined size and held 1n the vertical position. To achieve

flame resistance of V-0, V-1, and V-2, the criteria shown 1n
Table 17 below need to be satisfied.

TABLE 17
V-0 V-1 V-2
Lingering flame time for 10 sec or 30 sec or 30 sec or
each specimen shorter shorter shorter
Total lingering flame 50 sec or 250 sec or 250 sec or
time for five specimens shorter shorter shorter
Cotton 1gnition by drips No No Yes

The lingering flame time 1s the duration of flaming com-
bustion of a test piece alter an 1gnition source has been moved
away. The cotton 1gnition by drips 1s determined by whether
or not marking cotton placed about 300 mm below the bottom
ol the test piece 1s 1gnited by drips from the test piece. Fur-
thermore, the case where even one of five specimens does not
satisfy the criteria above was evaluated as NR (not rated)
because the case does not satisty V-2. Tables 18 and 19 show
the results.

TABLE 18
Ex- Ex- Ex- Ex-
ample ample ample ample
V-1 V-2 V-3 V-4
Resin PC-1 parts 9945  99.425 99.4 99
composition Metal salt-1 by 0.1 0.1 0.1 0.1
PTFE IMass 0.4 0.4 0.4 0.4
PS 0.05 0.075 0.1 0.5
Flame resistance V-1 V-1 V-1 V-1
(1.0 mm in thickness)
Total combustion time (sec) 8% 85 66 57
Number of times 0 0 0 0
of drips (out of 10)
TABLE 19
Com- Com- Com- Com-
partive  partive partive partive
Ex- Ex- Ex- Ex-
ample ample ample ample
V-1 V-2 V-3 V-4
Resin PC-1 parts 99.5 99.495 96.5 99.8
composition Metal salt-1 by 0.1 0.1 0.1 0.1
PTEFE Imass 0.4 0.4 0.4
PS 0.005 3 0.1
Flame resistance V-2 V-2 NR V-2
(1.0 mm in thickness)
Number of times of drips 3 2 — 5

(out of 10)
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Examples V-5 and 6 and Comparative Examples V-5
and 6

Production of Resin Pellet

The components described above were blended with each
other at the ratios (mass ratios) shown in Tables 20 and 21 and
mixed 1n a tumbler for 20 minutes. The mixture was supplied
to (TEX30HSST) having a single vent and manufactured by
The Japan Steel Works, Ltd. and kneaded at a number of
screw revolutions of 200 rpm, a discharge rate o1 15 kg/hour,
and a barrel temperature of 270° C. After that, a molten resin
extruded in a strand shape was rapidly cooled in a water bath
and pelletized using a pelletizer to obtain a pellet of a poly-
carbonate resin composition.
<Evaluation of Flowability>
MVR (Melt Volume Rate)

The pellet obtained by the above-described production
method was dried at 120° C. for 4 hours or more, and then
measurement was performed 1n accordance with ISO 1133 at
a measurement temperature of 300° C. and a measurement
load of 1.2 kgt (11.8 N). Table 20 shows the results.

Q Value

The pellet obtained by the above-described production
method was dried at 120° C. for 4 hours or more, and then the
flow rate per unit time, Q value (unit: 10™* cm’/sec), of a

composition was measured by a method described in Appen-
dix C of JIS K7210 using a Koka-shiki Flow Tester at 280° C.

at a load of 160 kgt to evaluate the flowability. Note that an

orifice having 1 mm in diameter and 10 mm 1n length was
used. A higher Q value means higher flowability. Table 21

shows the results.
<Preparation of Test Piece>

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours. In the case where the
fibrous reinforcement was not contained, the pellet was injec-
tion-molded at a cylinder temperature of 280° C., a mold
temperature of 80° C., and a molding cycle of 30 seconds

using a J50-EP 1njection molding machine manufactured by
The Japan Steel Works, Ltd. In the case where the fibrous

reinforcement was contained, the pellet was 1njection-
molded at a cylinder temperature of 300° C., a mold tempera-
ture o 110° C., and amolding cycle 0130 seconds. As a result,
test pieces for UL Test having a length of 125 mm, a width of
13 mm, and thicknesses of 1.58 mm, 1.2 mm, and 1.0 mm
were molded.

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 280° C., amold tempera-
ture of 80° C., and a molding cycle of 35 seconds using an
M150AII-SJ 1mnjection molding machine manufactured by
Meiki Co., Ltd. to obtain a tlat test piece (90 mm 1n length, 50
mm 1n width, and three steps of 1, 2, and 3 mm 1n thickness).

Similarly, the pellet obtained by the above-described pro-
duction method was dried at 120° C. for 5 hours. In the case
where the fibrous reinforcement was not contained, the pellet
was 1njection-molded at a cylinder temperature of 280° C., a
mold temperature of 80° C., and a molding cycle of 45 sec-
onds using a Cycap M-2 with a clamping force of 75 T
manufactured by Sumitomo Heavy Industries, Ltd. In the
case where the fibrous reinforcement was contained, the pel-
let was mjection-molded at a cylinder temperature o 300° C.,
a mold temperature of 110° C., and a molding cycle of 45
seconds. As a result, an ISO multipurpose test piece (4 mm)
and an ISO multipurpose test piece (3 mm) were molded.
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<Evaluation of Flame Resistance>

The flame resistance was evaluated by performing UL Test
in the same manner as 1n Example V-1 using the test pieces for
UL Test.

Tables 20 and 21 show the results.
<Ewvaluation of Retlectivity>

The reflectivity was measured using a three-millimeter-
thickness portion of the flat test piece (having three steps ot 1,

2, and 3 mm 1n thickness). The measurement was performed
using Spectrophotometer CM 3600d manufactured by
KONICA MINOLTA HOLDINGS, INC. ata D65/10-degree
observer with an SCI normal measurement mode. The retlec-
tivity was evaluated at a wavelength of 440 nm. Table 21
shows the results.
<Ewvaluation of Heat Resistance>

The deflection temperature under load was measured in
accordance with ISO 75-1 and ISO 75-2 using the ISO mul-
tipurpose test piece (4 mm) at a load of 1.80 MPa. Tables 20
and 21 show the results. In Tables 20 and 21, the deflection
temperature under load 1s given as “DTUL”.
<Ewvaluation of Bendability>

The bending stress and bending modulus were measured in
accordance with ISO 178 using the ISO multipurpose test
piece (4 mm) at 23° C. Tables 20 and 21 show the results.
<Evaluation of Impact Resistance>

The notched Charpy impact strength (unit: kJ/m®) was
measured 1n accordance with ISO 179 using the ISO multi-
purpose test piece (3 mm) at 23° C. Tables 20 and 21 show the

results.

TABLE 20
Comparative
Example Example
Unit V-5 V-5
Resin PC-1 parts 68.82 69.32
composition PC oligomer by mass 10 10
Metal salt-1 0.08 0.08
PTFE 0.1 0.1
PS 0.5
GF-1 15 15
GF-2 5 5
Mold-release 0.5 0.5
agent-2
Flowability (MVR) cm”/10 min 11 10
Flame resistance V-0 V-1
(1.58 mm in thickness)
DTUL °C. 139 139
Bendability  Elastic modulus  MPa 5460 5520
(load)
Bending stress MPa 141 141
Impact resistance kJ/m? 9 8
TABLE 21
Comparative
Example Example
Unit V-6 V-6
Resin PC-1 parts 43.74 44.24
composition PC-2 by mass 43 43
Metal salt-2 0.2 0.2
PTFE 0.4 0.4
PS 0.5
Titanium oxide 12 12
Mold-release 0.08 0.08
agent-2
Mold-release 0.08 0.08
agent-3
Flowability (Q value) 107 15.3 14.7
cm’/sec
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TABLE 21-continued
Comparative
Example Example

Unit V-6 V-6
Flame 1.2 mm in thickness V-0 V-0
resistance 1.0 mm 1n thickness V-0 V-0

Reflectivity % 94.5 94 .8
DTUL °C. 125 125
Bendability Elastic modulus MPa 2400 2420

(load)

Bending stress MPa 90 90

V1. Examples and Comparative Examples According

to Sixth Aspect of the Present Invention

The following components were used in Examples and
Comparative Examples.

Polycarbonateresin [ Al]: bisphenol A-type aromatic poly-
carbonate resin produced by interfacial polymerization, vis-
cosity-average molecular weight: 177000, structural viscosity
index: 1.0

Polycarbonate resin [ A2]: bisphenol A-type aromatic poly-
carbonate resin produced by melt transesterification, viscos-
ity-average molecular weight: 27000, structural viscosity
index: 1.3

Polycarbonate resin [ A3]: bisphenol A-type aromatic poly-
carbonate resin produced by interfacial polymerization, vis-
cosity-average molecular weight: 26000, structural viscosity
index: 1.0

Metal salt compound [B]: potassium perfluorobutane-
sulfonate, product name: Bayowet C4 manufactured by
LANXESS

Polysilane having an aryl group [C1]: cyclic polydiphenyl-
silane, product name: OGSOL SI-30-10 manufactured by
Osaka Gas Chemicals Co., Ltd., decaphenylcyclopentasi-
lane, number-average molecular weight: 550

Other polysilane [C2]: straight-chain polydimethylsilane,
number-average molecular weight: 2000

Fluoropolymer [0]: aqueous dispersion liquid of fluoroole-
{in resin, the content of PTFE: 60% by weight, Teflon (regis-
tered trademark) 31-JR manufactured by DU PONT-MITSUI
FLUOROCHEMICALS COMPANY, Ltd.

Light-diffusing agent [E1]: acrylic diffusing agent having
an average particle size of 4 um (spherical), Ganz Pearl
GM-02058S manufactured by GANZ CHEMICAL Co., Ltd.

Light-diffusing agent [E2]: polymethylsilsesquioxane par-
ticles having an average particle size of 2 um (spherical),
Tospearl 120 manufactured by Momentive Performance
Materals Inc.

Mold-release agent [F1]: pentaerythritol tetrastearate,
VPG 861 manufactured by Cognis Japan Ltd.

Mold-release agent [F2]: stearyl stearate, Unistar M9676
manufactured by NOF Corporation

Stabilizer [G1]: tris(2,4-di-tert-butylphenyl)phosphite,
ADK STAB 2112 manufactured by Adeka Corp.

Stabilizer [G2]: pentaerythritol tetrakis[3-(3,5-di-tert-bu-
tyl-4-hydroxyphenyl)propionate], Irganox 1010 manufac-
tured by Ciba Specialty Chemicals Co., Ltd.

Examples VI-1 and 2 and Comparative Examples
VI-1to 5

Production of Resin Pellet

The components described above were blended with each
other at the ratios (mass ratios) shown in Table 23 and mixed
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in a tumbler for 20 minutes. The mixture was supplied to
(TEX30HSST) having a single vent and manufactured by The
Japan Steel Works, Ltd. and kneaded at a number of screw
revolutions of 200 rpm, a discharge rate of 15 kg/hour, and a
barrel temperature of 270° C. After that, a molten resin
extruded 1n a strand shape was rapidly cooled in a water bath
and pelletized using a pelletizer to obtain a pellet of a poly-
carbonate resin composition.

<Preparation of Test Piece>

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 260° C., amold tempera-
ture of 80° C., and a molding cycle of 30 seconds using a
I50-EP injection molding machine manufactured by The
Japan Steel Works, Ltd. to obtain a test piece for UL Test
having a length of 125 mm, a width of 13 mm, and a thickness
of 1.6 mm (V16 1nches).

Similarly, the pellet obtained by the above-described pro-
duction method was dried at 120° C. for 5 hours and then
injection-molded at a cylinder temperature of 280° C., amold
temperature of 80° C., and a molding cycle of 55 seconds
using an M1350AII-SJ injection molding machine manufac-
tured by Meiki Co., Ltd. to obtain a flat test piece (90 mm 1n
length, 50 mm 1n width, and 3 mm 1n thickness) and an ASTM
test piece (notched test piece with a thickness of 3.2 mm).
<Ewvaluation of Flame Resistance>

The flame resistance of each polycarbonate resin compo-
sition was evaluated as follows. The test piece for UL Test
prepared by the method above was left in a thermostatic
chamber having a temperature of 23° C. and a humidity of

50% for 48 hours, and the flame resistance was evaluated 1n
accordance with the UL 94 Test (Test for flammability of
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away. The cotton 1gnition by drips 1s determined by whether
or not marking cotton placed about 300 mm below the bottom
ol the test piece 15 1ignited by drips from the test piece. Fur-
thermore, the case where even one of five specimens does not
satisty the criteria above was evaluated as NR (not rated)
because the case does not satisty V-2. Table 23 shows the
results. In Table 23, this 1s given as “Flame resistance™.
<Evaluation of Transparency>

The haze value (unit “%”) was measured with an NDH-
2000 haze meter (D65 light source) manufactured by NIP-
PON DENSHOKU INDUSTRIES Co., Ltd. in accordance
with JIS K-7105 using the flat test piece (3 mm 1n thickness)
as a test piece. The haze value 1s used as the scale of turbidity
of resins. A smaller haze value means higher transparency,
which 1s preferable. Table 23 shows the results. In Table 23,
this 1s given as “Iransparency”.
<Evaluation of Hue>

With an SE-2000 spectrophotometer (C2 light source)
manufactured by NIPPON DENSHOKU INDUSTRIES Co.,
Ltd., the YI value (unit “%’’) was measured by a transmission
method 1n accordance with JIS K-7105 using the flat test
piece (3 mm 1n thickness) as a test piece. The Y1 value (yellow
index) 1s used as the scale of yellowing of resins. A smaller Y1
value means better hue, which 1s preferable. Table 23 shows
the results. In Table 23, this 1s given as “Hue”.
<Impact Resistance>

The Izod impact strength (unit: J/m) was measured using,
the ASTM test piece (notched test piece with a thickness of
3.2 mm) prepared above at 23° C. 1 accordance with ASTM
1D256. Table 23 shows the results. In Table 23, this 1s given as
“Impact resistance”.

TABLE 23
Comparative Comparative Comparative Comparative Comparative
Example Example Example Example Example Example Example
VI-1 VI-2 VI-1 VI-2 VI-3 VI-4 VI-5
Resin Al parts by 28.925 28.425 29.925 29.675 24.925 29 28.925
composition A2 mass 70 70 70 70 70 70 70
B 0.075 0.075 0.075 0.075 0.075 0.075
Cl 1 1.5 0.25 5 1
C2 1
Flame resistance V-0 V-0 V-2 V-2 V-2 V-2 V-0
Transparency 0.6 0.6 0.5 0.5 0.7 0.5 99
Hue 1.2 1.2 2.0 1.4 2.0 1.2 31
Impact resistance 690 670 660 700 050 690 150

plastic materials for parts 1n devices and appliances) specified
by the U.S.A. Underwriters Laboratories (UL). UL 94V 1s a
method for evaluating flame resistance from the lingering
flame time and dripping properties aiter a burner flame has
been applied, for ten seconds, to a test piece having a prede-
termined size and held 1n the vertical position. To achieve

flame resistance of V-0, V-1, and V-2, the criteria shown in
Table 22 below need to be satisfied.

TABLE 22
V-0 V-1 V-2
Lingering flame time for 10 sec or 30 sec or 30 sec or
each specimen shorter shorter shorter
Total lingering flame 50 sec or 250 sec or 250 sec or
time for five specimens shorter shorter shorter
Cotton ignition by drips No No Yes

The lingering flame time 1s the duration of flaming com-
bustion of a test piece aiter an 1gnition source has been moved
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As 1s clear from Table 23, referring to Examples VI-1 and
2 and Comparative Examples VI-2 and 3, the polycarbonate
resin compositions containing predetermined amounts of
metal salt compound and polysilane having an aryl group
have high flame resistance, transparency, and impact resis-
tance and excellent hue. On the other hand, the polycarbonate
resin composition of Comparative Example VI-1 that con-
tains only a metal salt compound and the polycarbonate resin
composition of Comparative Example VI-4 that contains only
a polysilane having an aryl group have insuificient flame
resistance. Furthermore, the polycarbonate resin composition
of Comparative Example VI-3 that contains a polysilane not
having an aryl group has insuificient transparency and impact
resistance. Accordingly, it was confirmed from Examples and
Comparative Examples described above that the effects of
improving flame resistance, transparency, hue, and impact
resistance could be umiquely achieved through the configura-
tion of the present invention.
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Examples VI-3 and 4 and Comparative Examples
VI-6 and 7

Production of Resin Pellet

The components described above were blended with each
other at the ratios (mass ratios) shown in Table 24 and mixed
in a tumbler for 20 minutes. The mixture was supplied to
(TEX30HSST) having a single vent and manufactured by The
Japan Steel Works, Ltd. and kneaded at a number of screw
revolutions of 200 rpm, a discharge rate of 15 kg/hour, and a
barrel temperature of 270° C. After that, a molten resin
extruded 1n a strand shape was rapidly cooled 1n a water bath
and pelletized using a pelletizer to obtain a pellet of a poly-
carbonate resin composition.
<Evaluation of Flowability (QQ Value)>

The pellet obtained by the above-described production
method was dried at 120° C. for 4 hours or more, and then the
flow rate per unit time, Q value (unit: 10™* cm/sec), of a
composition was measured by a method described 1n Appen-
dix C of JIS K7210 using a Koka-shiki Flow Tester at 280° C.
at a load of 160 kgt to evaluate the flowability. Note that an
orifice having 1 mm 1n diameter and 10 mm in length was
used. A higher Q value means higher flowability. Table 24
shows the results.
<Preparation of Test Piece>

The pellet obtammed by the above-described production
method was dried at 120° C. for 5 hours and then 1njection-
molded at a cylinder temperature of 260° C., a mold tempera-
ture of 80° C., and a molding cycle of 30 seconds using a
I150-EP 1njection molding machine manufactured by The
Japan Steel Works, Ltd. to obtain test pieces for UL Test
having alength of 125 mm, a width of 13 mm, and thicknesses
of 1.2 mm and 1.0 mm.

The pellet obtained by the above-described production
method was dried at 120° C. for 5 hours and then injection-
molded at a cylinder temperature of 280° C., amold tempera-
ture of 80° C., and a molding cycle of 55 seconds using an
M150AII-SJ 1njection molding machine manufactured by
Meiki Co., Ltd. to obtain a flat test piece (90 mm 1n length, 50
mm 1n width, three steps of 1, 2, and 3 mm 1n thickness).

Similarly, the pellet obtained by the above-described pro-
duction method was dried at 120° C. for 5 hours and then
injection-molded at a cylinder temperature of 280° C., amold
temperature of 80° C., and a molding cycle of 45 seconds
using a Cycap M-2 with a clamping force of 75 T manufac-
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tured by Sumitomo Heavy Industries, Ltd. to obtain an ISO
multipurpose test piece (4 mm) and an ISO multipurpose test
piece (3 mm).
<Evaluation of Flame Resistance>

The tflame resistance was evaluated by performing UL Test
in the same manner as in Example VI-1 using the test pieces
for UL Test. Table 24 shows the results.
<Evaluation of Turbidity>

In a one-millimeter-thickness portion and a two-millime-
ter-thickness portion of the flat test piece (with three steps of

1, 2, and 3 mm in thickness), the turbidity was measured 1n
accordance with JIS K-7136 using an NDH-2000 turbidime-

ter manufactured by NIPPON DENSHOKU INDUSTRIES
Co., Ltd. The turbidity 1s used as the scale of cloudiness of
resins. A lower turbidity value means higher transparency.
Table 24 shows the results.
<Evaluation of Diffusivity/Degree of Dispersion=>

In a one-millimeter-thickness portion and a two-millime-
ter-thickness portion of the flat test piece (with three steps of
1, 2, and 3 mm 1n thickness), the brightness was measured
with GP-5 GONIOPHOTOMETER manufactured by
MURAKAMI COLOR RESEARCH LABORATORY under
the conditions that incident light was at 0°, the elevation angle
was 0°, the light-receiving range was 0° to 90°, the luminous
aperture was 2.0, and the light-receiving aperture was 3.0.
The diffusivity (%) was determined from the following for-
mula. The degree of dispersion indicates a light-receiving
angle that provides 50% of brightness at a light-receiving
angle of 0°, that 1s, 50% of brightness of a light beam which
travels 1n a straight line after passing through the test piece
from a light source. Table 24 shows the results.

Diffusivity(%)=100-[(brightness at a light-receiving
angle of 20°+brightness at a light-receiving angle
of 70°)/{2-(brightness at a light-receiving angle
of) 5°)}]

<Evaluation of Heat Resistance>

The deflection temperature under load was measured 1n
accordance with ISO 75-1 and ISO 75-2 using the ISO mul-
tipurpose test piece (4 mm) at a load of 1.80 MPa. Table 24
shows the results. In Table 24, the deflection temperature
under load 1s given as “DTUL”.
<Evaluation of Bendability>

The bending stress and bending modulus were measured 1n
accordance with ISO 178 using the ISO multipurpose test

piece (4 mm) at 23° C. Table 24 shows the results.

TABLE 24
Comparative Comparative
Example Example Example Example

Abbreviation Unit VI-3 VI-4 VI-5 VI-6
Resin (A3] parts by mass 17.48 17.98 18.48 18.98
composition [A2] 80.0 80.0 80.0 80.0

B] 0.09 0.09 0.09 0.09

D] 0.17 0.17 0.17 0.17

C1] 1 1

El 1 1

B2 0.5 0.5

F1] 0.1 0.1 0.1 0.1

F2] 0.1 0.1 0.1 0.1

G1] 0.03 0.03 0.03 0.03

G2] 0.03 0.03 0.03 0.03
Flowability  (Q value) 1072 cm?/sec 4.6 4.6 4.5 4.5
Flame 1.2 mm 1n thickness V-0 V-0 V-0 V-0
resistance 1.0 mm in thickness V-2 V-0 V-2 V-1
Turbidity Hz (1 mm) % 98.2 99.1 98.0 99.1

Hz (2 mm) % 99.1 99.3 99.0 99.3
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TABLE 24-continued

Example  Example
Abbreviation Unit VI-3 VI-4
Diffusivity/ Diffusivity (1 mm) 29.3 46.9
Degree of Degree of dispersion (1 mm) 21.2 36.5
dispersion Diffusivity (2 mm) 46.6 57.8
Degree of dispersion (2 mm) 36.8 51.2
DTUL °C. 124 125
Bendability  Elastic modulus  MPa 2300 2280
(load)
Bending stress MPa 97 97

It 1s clear from Table 24 that a satisfactory light-diffusing
elfect 1s achieved by blending a light-diffusing agent.

INDUSTRIAL APPLICABILITY

The first aspect of the present invention and the second
aspect of the present mmvention can be utilized in a wide
variety of industrial fields and are suitably used 1n the fields
of, for example, electrical and electronic devices and their
components, OA equipment, 1nformation terminals,
mechanical parts, household electrical appliances, vehicle
parts, architectural members, various containers, recreational
equipment and miscellaneous articles, and 1lluminators.

The third aspect of the present invention can be utilized in
a wide variety of industrial fields and are suitably used 1n the
fields of, for example, electrical and electronic devices and
theirr components, OA equipment, information terminals,
mechanical parts, household electrical appliances, vehicle
parts, architectural members, various containers, recreational
equipment and miscellaneous articles, and 1lluminators, and
turthermore members for near-infrared laser welding, and
members for sensing devices, exemplified by various auto-
mobile sensing devices, such as face direction detection sys-
tems, rain sensors, various security systems, such as face
recognition systems, fingerprint recognition systems, and
veln recognition systems, and various information communi-
cation devices, such as remote controllers and infrared com-
munication devices, 1n automobile, electrical and electronic,

and other precision apparatus fields.

The fourth aspect of the present invention, the fifth aspect
of the present invention, and the sixth aspect of the present
invention can be utilized 1n a wide vanety of industrial fields
and are suitably used 1n the fields of, for example, electrical
and electronic devices and their components, OA equipment,
information terminals, mechanical parts, household electrical
appliances, vehicle parts, architectural members, various
containers, recreational equipment and miscellaneous
articles, and 1lluminators.

110
Comparative Comparative
Example Example

VI-5 VI-6

26.9 45.6

19.5 34.7

45.0 57.2

34.8 50.3
125 126
2300 2380
96 99
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The present application 1s based on Japanese Patent Appli-
cation filed on Feb. 9, 2009 (Japanese Patent Application No.
2009-026837), Japanese Patent Application filed on Mar. 10,
2009 (Japanese Patent Application No. 2009-055802), Japa-
nese Patent Application filed on Mar. 26, 2009 (Japanese
Patent Application No. 2009-073456), Japanese Patent
Application filed on Apr. 20, 2009 (Japanese Patent Applica-
tion No. 2009-102103), Japanese Patent Application filed on
Apr. 20, 2009 (Japanese Patent Application No. 2009-
102104), and Japanese Patent Application filed on Apr. 21,
2009 (Japanese Patent Application No. 2009-103168), which

are mcorporated by reference herein in their entirety.

The mnvention claimed 1s:

1. A polycarbonate resin composition, comprising:

a polycarbonate resin; and

a polycarbosilane compound,

wherein the polycarbosilane compound has a number-av-
erage molecular weight of 100 to 20000 and has a main
chain structure comprising a hydrocarbon residue and

a repeating unit represented by formula (6):

(6)
CH,

——Si—CH,— »

H

and wherein
a blending amount of the polycarbosilane compound 1s
0.001 to 20 parts by mass relative to 100 parts by mass of
the polycarbonate resin.
2. A polycarbonate resin formed product, manufactured by
shaping the composition of claim 1.

G o e = x



	Front Page
	Specification
	Claims

